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Under  the  animating,  and  Friendly  Patronage 

Of  the  Munificent  and  Most  Noble 
HUGH  late  DUKE  of  NORTHUMBERLAND 

This  Volume  was  commenced  and  concluded  : 

To  HIM  it  was  to  be  prefeuted. 

The  PLEDGE  of  better  Efforts 

In  his  favourite  Science ; 

And  NOW 

to  HIS  EVER  HONOURED  xMEMORY^ 

It  is  gratefully  and  pioufly  infcribed> 

By  BRYAN  HIGGINS,  ^ 
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TJAVING  announced  this  work 
to  many  of  my  friends  in . the 
beginning  of  the  lafi:  year,  when 
’more  than  a^thirdof  it  was  printed, 
I think  it  incumbent  on  me  to  fe- 
late  the  circumftances  which  have 
delayed  the  publication  of  it  to  this 
time. 

' * ' ^ • 

From  the  beginning  of  March  to 
the  end  of  July  laft,  all  the  time 
that  I could  fpare  from  the  daily 
A 4 dutie-s 
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duties  of  my  profeflion,  was  fully 
employed  with  private  pupils  in  pre- 
paring for  the  enfuing  Courfe  of 
Chemiftry,  and  in  forwarding  their 
refpedlive  purfuits,  and  afterwards 
in  the  incelfant  bulinefs  of  the  ex- 
periments and  operations  exhibited 
in  that  Courfe.  During  this  time 
it  was  impoflible  for  me  to  revife 
the  proof-fheets  with  the  requifite 
attention,  and  the  printing  was  ne- 
celTarily  fufpended. 

/ 

In  the  public  propofals  for  the 
Courfe,  which  commenced  in  April, 
^the  following  article  appeared: — 
3dly.  “ 'That  it  p:)all  exhibit  the  un- 
fort  ant  advances  lately  made  in  the 
-knowledge  of  air  a?id  other  elafiic 
~ fluids .y  of  the  vegetable  acidy  fhlo- 
'giflony  flre^  and  Lights 
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In  confequence  of  this  decla- 
ration, I introducecj  in  the  Courfe, 
all  that  was  new  in  the  experiments, 
or  interefting  in  the  doctrines  of  this 
volume ; and  inlifled  particularly 
on  the  circumftances  that  gave 
rife  to  the  controverfy  which  was 
fo  ably  and  politely  maintained,  in 
the  Philofophical  Tran  factions,  by 
Mr.  Cavendifh  and  Mr.  Kirwan,  con- 
cerning the  principles  of  fixable  air. 

By  this  communication  to  a very 
refpedable  and  fcientific  audience, 
I deprived  the  intended  work  of 
every  advantage  of  novelty ; and 
having  gratified  the  curiofity  of 
thofe  to  whom  it  was  announced,  I 
felt  no  greater  folicitude  about  the 
fpeedy  publication  of  it,  than  was 
confiftent  with  my  health,  and  with 

engage- 

t)  t) 


engagements  which  admitted  n6 
procraftination. 

During  ^ part  of  the  lafl  Turn- 
mer,  1 Was  totally  difabled  by  hck- 
iiefs ; and  for  fix  months  afterward sj 
all  the  tirrie  that  I could  fparcj  was 
employed  in  experiments  for  the 
perfedlion  of  glafs  for  optical  ufe^ 
which  I profecuted  with  extraor- 
dinary allidiiity  becaufe  my  vene- 
rated patron  the  late  Duke  of  Nor- 
thumberland expreffed  fome  wiflies 
to  this  effed:,  and  in  enquiries 
highly  interefling  to  artifls  wh6 
Were  impatient  of  delay; 

The  printing,  therefore j Was  not 
rcfuiiied  until  laft  March ; hnce which 
timcj  fome  imexpedted  delays  were 

I « 

rhade  at  the  prefs,  andlately  the  pub- 
lication was  deferred  on  account  of 

the 


P R E FACE. 


xl 


the  impending  lamentable  lofs  al- 
ready expreffed. 

Thofe  who  conlider  that  my  pro- 
feflion  will  not  permit  any  feclufioii 
from  fociety,  br  retirement  from  in- 
terruption, and  that  in  the  moment^ 

occafionally  fnatched  from  thefe 
numerous  avocations,  the  mofl:  ver- 

fatile  mind  cannot  apply  to  a v/ork  of 
this  kind,  with  all  the  vigour  which 
it  might  acquire  by  deliberation  or 
reft  3 will  rather  wonder  at  my  at- 
tempting to  publifti  a volume,  thail 
at  the  delay,  the  numerous  iincor- 
teded  errors  of  the  prefs  and. of  the 
author,  and  that  exceftive  brevity, 
which  requires  greater  attention  iii 
the  perufal  of  many  of  the  fol- 
lowing fedions,  than  readers  are 
ufed  to  beftow  on  temporary  pub- 
lications. 
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SECTION  L 

^he  Preparation  of  pure  Acetous  Acid,  and 
Acetated  Vegetable  Alkali t or  foliated 
Earth  of  Tartar^, 

The  fait  called  foliated  Earth  of  Tar- 
tar is  generally  made  in  the  manu- 
fadtories  from  which  the  fhops  are  fupplied, 
with  pearl-afh  and  diftilled  vinegar,  and 
therefore  contains  fome  marine  fait,  and  a 
portion  of  the  oil  of  vinegar  beyond  what 
is  necelfary  to  the  conftitution  of  acetous 
acid.  Thefe  extraneous  fubftances  have 
conlidcrable  effedt  in  divers  operations,  and 
are  apt  to  perplex  or  millead  the  Experi- 
menter, 
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The  foliated  Earth  of  the  Apothecaries^ 
Hall,  being  prepared  for  medicinal  ufe  only, 
is  indeed  tolerably  free  from  marine  acid, 
but  by  reafon  of  their  obedience  to  the 
pharmacopoeia,  which  has  adopted  none  of 
the  recent  improvements  in  Chemiftry,  it  is 
neither  fo  white  nor  fo  free  from  oil  as  that 
of  the  manufadurers. 

For  thefe  reafons  I never  employ  the 
foliated  Earth  of  the  iliops,  except  for  pro- 
ducing a large  quantity  of  Acetous  Acid, 
which  by  the  following  treatment  I obtain 
in  the  pureft  and  mofl  concentrated  ftate. 

To  a convenient  quantity  of  oil  6f  vitriol 
in  a glafs  retort,  an  equal  weight  of  the 
foliated  Earth  of  Tartar,  is  to  be  gradually 
introduced  in  fmall  pieces,  and  at  fuch  in- 
tervals, that  the  heat  excited  fhall  never 
exceed  loo  degrees  of  Farenheit.  If  in 
thefe  intervals  the  mouth  of  the  retort  be 
loofely  flopped,  little  or  none  of  the  acetous 
vapour  efcapes ; for  it  condenfes  in  the 
upper  part  and  neck  of  the  retort,  and  if 
this  lafl  be  duly  placed,  returns  into  the 
charge. 


When 
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When  about  one-third  of  the  foliated 
Earth  is  introduced,  the  vitriolic  acid  con- 
cretes with  it  in  cooling,  and  both  occupy 
the  bottom  of  the  retort  j then  the  remain- 
der may  be  introduced  at  once,  without 
caufing  any  heat  or  commotion.  Thus  the 
fait  covers  the  vitriolic  acid,  and  intercepts 
any  portion  of  it  which  might  otherwifc 
arife  when  the  charge  is  heated. 

A fmaller  quantity  of  vitriolic  acid  may 
ferve ; but  as  an  excefs  of  it  is  neceffary 
for  the  total  decompohtion,  and  this  quan- 
tity renders  the  charge  more  fufible,  I pre- 
fer it  as  promoting  equable  mixture  in  a 
moderate  heat,  and  preventing  that  decom- 
poftion  of  acetous  fait  which  it  undergoes 
by  heat  alone,  without  affording  any  acid 
from  the  portions  which  efcape  the  adlion 
of  the  vitriolic  acid. 

The  Retort  is  then  to  be  fet  in  a fand 
heat,  and  luted  to  a long  neck,  terminating 
in  a tubulated  receiver,  which  delivers 
its  contents  through  the  tube  into  a bottle, 
that  may  be  removed  at  pleafure,  in  or- 
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dcr  to  keep  the  fucceffive  produdls  apart. 
No  luting  ought  to  be  ufed  where  the  tube 
enters  the  bottle  ; becatlfe  the  dilated  air  of 
the  veffels,  or  the  elaftic  fluids  expelled,  will 
force  the  luting,  if  the  egrefs  elfewhere  be 
prevented,  and  becaufe  there  is  never  any 
fenfible  lofs  of  a condenfible  vapour,  whilfl: 
the  receiver  is  cool,  and  the  only  palTage 
is  between  the  contiguous  furfaces  which 
the  tube  and  bottle  prefent  to  each  other. 

The  diftillation  is  to  be  carried  on  very 
flowly  at  firfl:,  left  the  fait  laft  added,  by 
fuddenly  falling  into  the  liquefied  vitriolic 
mafs  beneath,  ftiould  excite  fo  much  heat 
and  intumefcence  as  to  endanger  the  veflels, 
"or  emit  the  acetous  vapour  quicker  than  the 
long  neck  and  recipient  can  condenfe  it. 

When  as  much  acetous  acid  as  amounts 
to  half  the  w'eight  of  the  acetous  fait  is 
diftilled,  the  bottle  is  to  be  removed  ; and 
what  follows,  until  a white  fulphureous  va- 
pour (hews  itfelf  in  the  long  neck,  is  to  be 
received  in  another.  This  laft  portion  of 
acetous  acid  is  weak,  and  flightly  impreg- 
nated 
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nated  with  volatile  vitriolic  acid,  from  whLch 
it  cannot  eafily  be  freed.  It  is  therefore  to 
be  kept  apart. 

The  former  portion  is  eafily  purified  from 
the  marine  acid  which  rifes  along  with  it, 
in  confequence  of  the  decompofition  of  the 
marine  fait  contained  in  the  acetous  fait,  by 
diftilling  it  from  a twelfth  part  of  frefh  Ter. 
Foliata.  In  this  cafe  there  is  an  cncreafe  of 
the  quantity  of  acetous  acid  proportionate 
to  the  quantity  of  marine  acid  abforbed  by 
the  alkali  of  the  foliated  earth,  and  ex-^ 
pended  in  decompofing  It : and  the  acetous 
acid  is  obtained  in  a ftate  of  purity  and  high 
concentration,  becaufe  this  acid  is  more  vo- 
latile than  water,  and  the  undecompofed 
part  of  the  acetous  fait  retains  the  water 
until  the  chief  part  of  the  acid  is  dillilled, 
I generally  referve  the  firft  half  of  this  acet. 
acid  for  accurate  experiments,  diflinguifhing 
it  by  the  name  of  Purified  Acetous  Acid, 
and  fometimes,  where  my  notes  are  literally 
tranfcribed,  it  is  called  my  Acetous  Acid  ; 
the  other  half  ferves  for  any  purpofe  in 
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which  the  purity  but  not  the  flrength  or 
Ipecific  gravity  of  the  acid  is  regarded. 

To  prepare  Terra  Foliata  Tartar!  of  a 
purer  kind,  and  which,  after  the  example 
of  the  celebrated  Bergman,  I fhall  call  by 
the  more  unexceptionable  name  of  Acetated 
Vegetable  Alkali,  I faturate  a folution  of 
purified  alkali  of  Tartar,  with  my  purified 
acetous  acid,  and  evaporate  the  neutral  li- 
quor until  it  is  capable  of  forming  a dry 
white  fait,  when  cold  ; in  wh,ich  it  never 
fails,  if  the  evaporation  be  very  flowly  con- 
ducted towards  the  end,  in  a heat  not  ex- 
ceeding 212  degrees ; and  if  it  be  cooled 
very  flowly. 

In  the  preparation  of  this  fait,  the  foU 
lowing  particulars  are  to  be  noticed  : 

In  four  ounces  Troy,  or  1920  grains  of 
fait  of  Tartar,  freed  from  earthy  matter, 
there  are  1 344  grains  of  mere  alkali,  and 
576  of  fixable  air  and  water. 
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To  this  alkali  an  equal,  weight  of  water 
is  added,  in  order  to  ke.ep  the  intended  neu- 
tral fait  in  folution,  without  which  the 
point  of  faturation  cannot  be  afcertained. 
The  ftrongeft  and  purefl:  acetous  acid,  whofe 
fpecific  gravity  is  i,o68,  is  then  poured  in, 
in  fmall  portions,,  at  diflant  intervals,  to 
prevent  wafle  by  the  intuniefcence  and  ra- 
pid emiffion  of  the  fixable  air  of  the  alkali, 
until  it  is  faturated  : the  faturation  is  not 
effedted  until  1900  grains  of  the  acid  arc 
expended. 

On  evaporating  the  neutral  falihe  liquor, 
it  continually  exhales  acetous  acid,  even 
when  the  heat  does  not  amount  to  200  de- 
grees. When  a dry  froth  forms  on  it  to 
the  depth  of  a quarter  of  an  inch,  or  when 
a drop  taken  up  on  a glafs  rod  fets  quickly, 
and  when  cold  feels  dry  and  pulverable, 
the  evaporation  is  to  be  difcontinued ; for  a 
further  continuance  or  augmentation  of 
heat  will  decompofe  the  faline  matter,  and 
blacken  it.  At  this  period,  it  is  the  re- 
quired fait  in  a ftate  of  fuiion,  which  on 
cooling  gradually  concretes  into  a fnow 
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white  dry  pulverable  mafs,  fimilar  to  Ter. 
Foliata  in  the  cryftaJine  lumlnated  and  fil- 
very  appearance  which  it  prefents  when 
broken  into  pieces ; and  being  equally  de- 
liquefcent,  it  ought  to  be  guarded  from  the 
air. 

The  dry  fait  now  weighs  2672  grains  5 
1344  grains  of  which  being  mere  alkali, 
the  remaining  1328  grains  are  acetous  acid 
and  water  ; and  the  wafte  of  acetous  acid 
during  the  evaporation  amounts  to  about 
572  grains. 

Thus  it  appears,  that  even  vegetable  al- 
kali does  not  retain  as  much  acetous  acid, 
in  the  form  of  a dry  fait,  as  is  neceffary  to 
neutralize  it  in  water. 
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SECT.  II. 


Thlogijlon  is  a conJHfuent  Principle  of  Ace- 
tous Acid. 

HE  pureft  concentrated  acetous  acid 


JL  is  inflammable,  but  not  in  a high 
degree;  for  by  reafon  of  its  volatility,  and 
of  the  water  infcparable  from  it  in  this 
form,  it  eludes  in  a great  meafure  the  ig- 
nition neceffary  for  its  combuftion.  But 
when  it  is  detained  by  lime,  magnefia,  me- 
tallic fubftances,  or  -alkaline  falts  which 
previous  to  their  combination  with  this  acid 
were  perfectly  incombuftible,  and  is  fulfi- 
ciently  heated  in  contact  with  air,  it  gives 
deciflve  evidence  of  its  combuftibility,  and 
fhews  that  Phlogifton  is  a confliituent  prin- 
ciple of  this  acid. 

This  appears  in  the  mofl:  flriking  manner, 
in  the  following  experiment : 

0 

I faturated  fixed  vegetable  alkali,  which 
had  been  well  calcined,  and  was  perfedly 

incombuflible. 
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incombuftible,  with  pure  acetous  acid,  and 
by  evaporation  prepared  the  dry  acetated 
vegetable  alkaline  fait  already  defcribed. 
Having  then  taken  the  weight  of  a red-hot 
fhalldw  earthen  difh,  after  it  had  been  kept 
two  hours  in  this  heat,  I placed  it  in  a 
reddened  muffle,  and  threw  on  it  in  fuc- 
ceffive  portions  eight  ounces  Troy  3840 
grains  of  the  lalt,  to, which  air  was  freely 
admitted,  during  the  whole  time. 

The  fait  firft  melted  like  wax,  with  a 
flight  hifling,  until  fome,  moifture  was  ex- 
pelled ; foon  after  it  was  compleatly  fufed, 
it  catched  fire,  and  burned  with  a denfe 
bright  durable  flame  of  great  volume,  and 
which  afforded  no  viflble  foot. 

* I 

- . After  the  flame  had  ceafed,  that  is  to  fay, 
after  the  emiflion  of  combuftible  vapour  or 
elaflic  fluid  from  the  fait  had  flackened  con- 
fiderably,  a black  alkaline  coal  remained, 
which  was  ftill  flowly  and  weakly  corn- 
buflible,  and  foon  became  white  on  the 
furface  expofed  to  the  air.  After  half -an 

hour’s 
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hour’s  red  heat,  this  fait  weighed  2544 
grains. 

t 

When  it  was  cooled,  the  whitenefs  was 
found  to  have  extended  but  very  little  into 
the  mafs,  which  was  black  every  where, 
except  in  the  furface  expofed  to  the  air. 

It  tailed  and  dilTolved  in  w'ater  like  mild 
fixed  vegetable  alkali ; but  the  folution 
was  turbid,  and  blackened  by  a light  coaly 
powder ; which  feparated  by  filtration,  and 
walked  repeatedly  with  diftilled  water,  in 
w'hich  it  was  not  at  all  foluble,  weighed 
when  dry,  30  grains.  It  refembled  fine 
tinder,  catched  fire  freely  from  a fpark,  and 
burned  without  flame  like  tinder,  until  it 
was  reduced  to  grey  allies,  which  by  flight 
calcination  became  incombullible,  and  were 
found  to  be  mild  fixed  vegetable  alkali 
weighing  four  grains. 

The  liquor  from  which  this  tinder  was 
filtrated,  was  not  found  to  contain  any  thing 
worth  notice,  except  fixed  vegetable  alkali, 
combined  with  fixable  air. 


Hence 
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Hence  it  was  inferred,  that  Phlogidon  is 
a conflituent  part  of  acetous  acid,  and  that 
after  a great  part  of  the  Phlogiftic  matter  of 
this  acid  is  expelled  from  the  fixed  vegetable 
alkaline  bafis  of  the  acetous  fait  by  a red 
heat,  and  is  expended  in  the  luminous  flame 
and  aerial  produdfs,  a confiderable  portion 
of  the  like  matter  is  obftinately  retained  in 
the  alkali,  wherever  the  free  accefs  of  air  is 
interrupted  ; and  that  the  portion  of  alkali 
which  remains  fully  impregnated  with  this 
matter,  forms  with  it  a black  coaly  fub- 
flance,  which  is  infoluble  in  water,  and 
freely  combuftible,  but  without  exhibiting 
any  flame ; and  which  confifts  of  about 
one  part  of  mere  vegetable  alkali,  combined 
intimately  with  fourteen  or  more  of  pure  or 
compounded  Phlogiftic  matter  of  acetous 
acid. 

To  try  w'hether  the  acetous  acid  derives 
its  combudibility,  and  its  capacity  to  form 
a combuftible  fubftance  or  tinder  with  al- 
kalies and  indeed  with  all  other  bodies 
W'ith  which  it  is  combinable,  from  fome 
volatile  oily  matter  which  is  expelled  along 

with 
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with  it,  in  the  decompofition  of  the  ace- 
tated  fait,  and  which  may  not  be  an  eflen- 
tial  ingredient  of  this  acid ; I have  com- 
bined the  pureft  part  of  it  with  alkali  again, 
and  detached  it  by  different  mineral  acids, 
and  repeated  the  combinations  of  it  with 
alkalies,  lime,  and  magnefia,  and  the  de- 
compolitions  whereby  it  was  feparable  from 
them,  five  or  fix  times  but  ftill  found  that 
any  fait  made  with  it,  and  particularly  the 
foliated  fait,  was  flill  as  combuftible  as 
that  prepared  in  the  manner  defcribed  in 
the  Firft  Sedtion. 

Wherefore  I conclude,  without  awaiting 
the  further  proofs  which  follow,  that  ace- 
tous acid  cannot  exift,  poffefling  the  form 
and  charadters  by  which  we  diftinguifh  it 
from  others,  without  a confiderable  quan- 
tity of  Phlogifton,  and  that  Phlogifton  is  a 
neceffary  principle  in  the  compofition  of 
this  acid. 


SECT. 


I 
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SECT.  III. 


Analyfis  of  Acetated  Vegetable  Alkali  by 
Firey  and  Inductions  relative  to  Acetous 
Acidy  Fixable  Airy  Infiammable  Airy  Phlo- 


giflony  and  Fire. 


HE  apparatus  employed  in  the  fol 


A lowing  experiment  confifts  of  a tu- 
bulated receiver,  whofe  neck  is'  12  or  18 
inches  in  length,  and  duly  tapered  to  re- 
ceive the  neck  of  the  retort,  to  which  I ge- 
nerally cement  it  with  a palle  made  of  li- 
quid glue  and  frefli  powdered  lime,  which 
foon  acquires  a ftony  hardnefs,  adheres  per- 
fedly,  is  impervious  to  elaftic  fluids,  and* 
is  eafily  removed  after  being  fteeped  for 
. fome  hours  in  marine  acid.  By  the  length 
of  the  neck  the  body  of  the  receiver  is  kept 
at  a fufficient  diflance  from  the  hot  walls 
of  the  furnace ; and  by  its  tube  it  enters 
the  mouth  of  a feparating  funnel  to  which 
it  is  accurately  ground.  The  tube  is  made 
in  the  receiver  in  the  part  which  is  loweff, 
when  it  is  fet  for  diftillation,  and  by  this 
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means  all  that  is  condenfed  runs  immediately 
into  the  feparating  funnel,  which  is  provided 
with  a glafs  cock  at  the  pointed  extremity, 
by  the  ufe  of  which,  the  fucceffive  or  dif- 
ferent products  of  the  diftillation  may  be 
drawn  off  into  bottles  which  fit  the  extre- 
mity of  the  feparating  funnel,  without  fuf- 
fering  any  elafiic  fluid  to  efcape  that  way, 
or  any  external  air  to  communicate  with 
• the 'contents  of  the  veflTels. 

In  the  upper  hemifphere  of  the  fepa- 
rating funnel,  an  aperture  flrengthened 
with  a neck  of  glafs  is  provided,  into  which 
one  extremity  of  a bent  glafs  tube  is  well 
fitted  by  grinding,  fo  as  to  be  perfedlly  air 
tight,  whilfl:  the  other  extremity,  by  the 
due  flexure  of  the  tube,  enters  a trough  of 
water  or  mercury,  through  which  it  may 
freely  deliver  any  elaftic  fluid  into  the  velTels 
intended  for  the  menfuration  of  it. 

Thus  the  mixture  of  elaflic  fluid  and 
condenfible  vapour  which  ifl'ues  from  the 
charge  of  the  retort,  is  forced  to  pafs  firfl 
through  the  long  narrow  and  cool  neck  of 

the 
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the  receiver,  to  circulate  in  the  rpaclous 
body  of  it,  to  pafs  again  through  its  narrow 
tube,  to  circulate  again  in  the  feparating 
funnel  j and  finally*  after  depofiting  all 
that  can  be  condenfed  under 'thefe  advan- 
tageous circumflances,  the  incondenfible 
part  pafles  off  through  the  narrow  bore  of 
the  bent  tube. 

Into  a flrong  crown  glafs  retort,  well 
coated  with  clay,  I introduced  i6  ounces 
Troy  = 7680  grains  of  my  acet.  veg.  alkali, 
confifting  of  3862.994  of  pure  alkali,  and 
3817.006  of  acetous  acid  and  water;  and 
knowing  by  former  Experiments  that  it  is 
impoflible  to  heat  this  fait  to  any  confi- 
derable  degree,  without  boiling  it  over  into 
the  neck  of  the  retort,  unlefs  the  fire  be 
applied  in  fuch  a manner  as  to  make  the 
upper  part  of  the  vefiTel  hotter  than  the 
bottom,  I placed  the  retort  on  the  fand-bed 
of  a reverberatory  furnace,  with  the  un- 
coated extremity  of  its  neck  projeding  a 
few  inches  through  the  door : and  having 
adjulled  the  apparatus  lately  defcribed,  to 

the 
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th6  uncoated  part  of  the  necki  I fcciirdd 
the  juncture  with  glue  lute. 

The  furnace  was  then  gradually  heated^ 
and  the  heat  uniformly  encreafed  during 
fix  hours. 

The  quantity  of  common  air  in  the  re- 
tort and  condenhng  veffels  was  346.5  cubic 
inches ; and  the  veifels  which  were  ready 
for  meafuring  the  incondenlible  produdl  of 
this  charge  contained  nine  cubic  inches 
each. 

On  the  hrft  imprefllon  of  the  fire^  the 
air  in  the  retort  being  dilated,  a portion  of 
it  iffued,  which  at  the  temperature  of  52 
of  Farenheit,  and  under  the  mean  prelfure 
of  the  atmofphere,  meafured  36  cubic 
inches,  and  was  not  different  from  common 
atmofpheric  air.  Now  water  began  to 
fhew  itfelf  in  the  recipient,  and  was  after- 
wards colled;ed  to  the  quantity  of  1 20  grains, 
when  about  63  cubic  inches  more  of  com- 
mon air  had  iffued.  The  water  was  ncvt 
in  the  lead  degree  acid  or  coloured,  but 

C fmelled 
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fmelled  and  tafted  like  the  oil  hereafter  de- 
fcribed.  The  laft  portions  of  the  63  cubic 
inches  of  air,  were  fit  for  combuftion,  but 
in  this  refpedt  not  quite  fo  good  as  common 
air,  and  fmelled  like  the  water.  At  this 
period,  the  emiffion  of  air  was  fuddenly 
followed  by  a prefTure  of  the  external  air 
into  the  vefTels,  which  would  have  forced 
the  water,  in  which  the  bent  tube  was  im- 
merfed,  into  them,  if  I had  not  inftantly 
turned  it  out  of  the  water,  and. admitted 
the  air  through  it. 

In  diftilling  any  body  which  contains 
water,  it  is  to  be  obferved,  that  the  air  in- 
cluded in  the  retort  and  recipient  will  be 
dilated  and  expelled  for  the  greater  part,  if 
not  totally,  by  the  watery  vapour  5 and 
when  that  vapour  no  longer  iffues  in  due 
quantity,  to  fill  the  vefTels  and  counteracfl 
the  prefTure  of  the  atmofphere,  the  external 
air  prefiing  on  the  veflels,  will  prefs  into 
them,  wherever  it  finds  admittance  5 but  if 
the  communication  is  intercepted  only  by 
water,  or  any  other  fluid,  that  will  be 
prefTed  into  the  recipient,  and  even  into 

tho 
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the  retort,  fo  foon  as  the  emifTion  of  hot 
Vapour  from  the  charge  is  infufficient  to  fill 
the  fpace  which  the  vapour  formerly  occu- 
pied,  after  expelling  the  air. 

If  external  air  be  admitted  to  prevent  the 
water  from  being  prefied  into  the  recipient, 
the  quantity  of  it. will  be  equal  to  that  for- 
merly expelled,  provided  the  dillillation  be 
very  flowly  conducted,  as  in  the  prefent 
inftance.  Therefore  rejecting  from  the  fol- 
lowing meafurement  the  air  heretofore  ex-* 
pelled,  fince  it  was  not  altered  in  any  con- 
fiderable  degree,  we  are  now  to  confider  the 
charge  as  confifling  of  7680  grains  of  the 
fait  expofed  to  34.6.50  cubic  inches  of  at- 
mofpheric  air ; both  which  amount  to 
7813.4  grains. 


When  the  frelh  emififion  of  air  took  place, 
and  amounted  to  40  cubic  inches,  I began 
my  reckoning  in  the  following  manner  : 


Cub.  lach,  contained. 

Of  fixed  Air. 

of  Phlogifticated. 

Of Infiam. 

Firll  40 

6 

* 

4;0 

Next  i6o 

26.7 

33-3 

, 160 

32- 

80 

48. 

160 

40 

40 

80 

C 2 

The 
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The  water  now  faved  amounted  to  340 
grains,  and  ethereal  oil  began  to  condenfe 
with  the  laft  portions  of  it,  for  no  more 
water,  feparable  from  the  oil,  appeared 
after  this  period. 


Cub,  Inch,  contained. 

Of  fixed  Air. 

Of  Phloglfiicated. 

Of  Inflam. 

Next  160 

40 

20 

100 

320 

80 

10 

230 

320 

80 

0 

240 

320 

' 53-5 

0 

266.5 

320  , 

46. 

0 

274 

320 

45-7 

0 

274-3 

320  , 

45-7 

0 

274.3 

320 

45-7 

0 

274.3 

320 

40. 

0 

280 

320 

35-5 

0 

284.5 

320 

32- 

0 

288. 

320 

32 

0 

288. 

320 

21.3 

0 ' 

298.7 

Before  this 

period. 

the  diftillation 

of  oil 

had  ceafed,  and  now  I drew  off  all  that 

was  condenfed.  It  weighed  180  grains. 

160  8 o 

64  2.1 


o 


152 

61.9 

The 
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The  lafl  portion  of  elaftic  fluid  ifTued  fo 
flowly,  although  the  fire  was  augmented, 
and  the ‘retort  fhewed  a bright  red  heat, 
that  very  little  more  was  to  be  expected  : 
I therefore  withdrew  the  fire.  The  elaflic 
fluid  left  in  the  retort  and  recipients  mea- 
fured,  when  cold. 

Cub.  Inch,  contained.  Of  fixed  Air.  Of  Phlogifticated.  Of  Inflam, 

277  o 262 

Total  5021  727.2  280  4013*8 


The  inflammable  air  thus  produced,  dif- 
fers greatly  in  fpecific  gravity  from  that  of 
metallic  folutions;  the  firfl  portions  ex- 
pelled by  moderate  heat  are  much  heavier 
fpecifically  than  thofe  which  follow  at  diftant 
intervals,  and  thofe  that  are  expelled  by  the 
greateft  heat  at  lafl,  are  the  lighteft,  but 
yet  greatly  exceed  the  inflammable  air  from 
metals,  in  denfity  and  weight. 

As  it  is  not  necefTary  to  my  prefent  pur- 
pofe,  that  my  menfurations  fliould  be  per- 
fedtly  accurate,  I fliall  not  infifl  further  on 
thefe  differences  of  the' fpecific  gravity  of 

C 3 ^ the 
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the  inflammable  air  of  acetous  fait,  than  to 
remark,  that  a mixture  of  the  firft  and  lad 
portions  is,  according  to  my  experiments, 
to  atmofpheric  air,  in  fpecific  gravity,  as  19 
to  28.84189,  and  that  a cubic  inch  of  this 
mixture  weighs  .261  gr.  when  it  is  frefb, 
but  freed  from  fixable  air  by  lime  liquor. 

. / 

Stating  a cubic  inch  of  this  in^ 

- flammable  air  at  - - - 

A cubic  inch  of  phlogifiicated  air, 

according  to  Fontana,  at  - - 

A cubic  inch  of  common  air,  at  -? 

A cubic  inch  of  pure  air,  called 

dephlogiflicated  air,  at  - - 

And  a ciibic  inch  of  fixable  air,  at 


Gr. 

0.261 

•377. 

•3^5* 

•42 

•57 


In  the  produds  of  the  acetous  Grains. 

fait,  I find,  of  fixable  air  - 414.504 

Of  phlogifiicated  air  - - 105.56 

And  of  inflarnmable  air  - - 1047.6018 

Total  1567.6658 

On  the  firfi  emifiion  of  fixable  and  in- 
flammable air,  a denfe  white  fume  fills  the 
long  neck;  and  receivers  5 and  thefe  elafiic 

fluids. 
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fluids,  as  they  iflue  through  the  water  into, 
the  meafures,  fill  thefe  lafi  with  fume  of 
the  fame  kind,  but  not  equally  opaque. 
But  when  the  elafiic  fluids  have  flood  a few 
minutes,  a very  fmall  quantity  of  oily  and 
aqueous  matter  is  depofited,  and  they  be- 
come tranfparent.  The  quantity  of  oily 
matter  depofited  by  100  cubic  inches,  was 
too  fmall  to  be  meafured,  but  fome  allow- 
ance is  to  be  made  for  it. 

During  this  procefs,  the  long  neck  was 
cool  to  the  touch  within  fix  inches  of  the 
luting,  at  the  mouth  of  the  retort,  and  in 
all  diflillations  that  I have  made,  in  which 
elafiic  fluids  of  any  kind  arc  flowly  expelled, 
the  heat  extends  very  little  farther  in  the 
receiving  veffels  than  it  would  by  the  ap- 
proximation of  fuch  veffels  to  the  heated 
retort,  if  it  were  quite  empty  ; but  con- 
denfible  vapour  carries  the  heat  with  it  to  a 

confiderable  diftance,  and  as  far  as  it  ex- 

« 

tends  in  the  flate  of  vapour,  from  the  re- 
tort into  the  extreme  condenfing  vefiels. 
Hence  it  appears,  that  elafiic  fluids  retain 
the  fire  which  iffues  with  them,  in  a llate 

C 4 of 
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of  combination,  and  by  virtue  of  the  at- 
tradion  which  caiifes  this  union,  prevent 
the  efcape  or  diffufion  of  this  fire  into  the 
neighbouring  bodies  or  fpaces  ; and  as  this 
phenomenon  is  common  to  all  the  elaftic 
fluids,  and  almofl:  all  experiments  in  which 
they  are  flowly  produced,  it  ftrongly  indi- 
cates that  a great  quantity  of  fire  is  com- 
bined in  every  one  of  them,  and  is  to  be 
confidered  as  a conftituent  principle  and 
adive  ingredient. 

On  breaking  the  retort,  I found  a fpongy 
mafs,  of  a black  or  deep  blue  colour  on 
the  upper  furface,  and  dark  grey  in  the 
mafs,  refembling  in  all  refpeds  the  black 
alkaline  coal  of  tartar.  It  adhered  to  the 
glafs,  and  when  feparated  by  folution,  was 
found  to  weigh  5524  grains;  but  as  the 
glafs  had  been  manifellly  corroded  in  fe- 
veral  places,  it  mufl:  have  contributed  to 
this  weight, 

The  folution  of  this  alkali  fhewed  a con- 
fi4erable  bulk  of  light  black  coaly  matter, 

which 
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which  was  eafily  feparated  by  filtration  from 
the  alkaline  liquor  which  palled  limpid, 
and  when  walked  and  dried,  weighed  86 
grains.  It  was  very  like  lamp  black, 
catched  fire  readily  like  tinder,  and  burned 
without  fmoak  or  fiame  to  grey  alhes, 
which  by  calcination  grew  whitifli,  or  pale 
yellow,  and  melted  in  a w^eak  red  heat. 
The  melted  matter  confided  of  vegetable 
alkali  and  a little  fixable  air,  and  weighed 
8 grains;  therefore  the  quantity  of  volatile 
combuftible  matter  was  about  78  grains. 

The  filtered  alkaline  folution  from  which 
the  coaly  matter  was  feparated,  was  milder 
and  feemed  to  contain  more  fixable  air  than 
is  in  ordinary  fait  of  Tartar.  In  divers  ex- 
periments it  appeared  to  differ  in  nothing 
elfe  from  purified  fait  of  Tartar  ; and  even 
before  the  coaly  matter  was  feparated,  it 
did  not  adt  like  phlogifticated  or  Pruflian 
alkali.  By  neutralizing  it  with  diluted  vi- 
triolic acid,  I expelled  from  it  1858  cubic 
inches  of  fixable  air  rz  1059.06  grains, 
which  added  to  414.504  obtained  in  the 
didillation,  make  1473.564  grains. 


Of 
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Of  346.5  cubic  inches  of  atmofpheric 
air  included  in  the  veffels,  ^ were  phlo- 
gifticated  air,  the  weight  of  which  is  104.5 
grains  j and  the  weight  of  the  pure  air  in 
this  quantity  of  atmofpheric  air  is  29.1 
gr. : but  fince  this  quantity  of  phlogifti- 
cated  air  is  almoft  equal  to  that  which  was 
expelled  along  with  the  inflammable,  and 
we  know  that  phlogifticated  air  is  in  no 
refpedl  altered  or  adtive  in  proceflbs  of  this 
kind,  we  fhall  rejedl  it  as  well  from  our 
flatement  of  the  charge,  as  from  that  of  the 
products ; and  fay,  that  the  charge  con- 
fifting 

Of  mere  vegetable  alkali  - - 

Of  acetous  acid  and  water 

% 

Of  pure  air  - - - 

And  altogether  amounting  to 

Yielded  of  mere  alkali  - 
Of  fixable  air  - - _ 

Of  inflammable  air  - 

Of  oily  matter  held  in  the 
black  coal  - - - 

Of  oil  - - 

Of  water  condenfed 


Grains. 

3862.994 

3817.006 

29.1 

7709.  lOQ 

3862.994 

1473-564 

1047.6018 

78. 

180, 

340- 


Thefe  amount  to 

3 


6982. 1 598 
Which 
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Grains, 

Which  is  lefs  than  the  charge  by  726,9402 


This  deficiency  puzzled  me  exceedingly, 
until  by  repeated  experiments  fimilar  to 
this,  I found  that  it  is  always  owing  to  the 
water  and  oil,  and  chiefly  to  the  water 
which  follows  the  flream  of  elaftic  fluids, 
and  of  which  a fmall  part  remains  fufpended 
in  them  for  a confiderable  time  after  they 
acquire  the  temperature  at  which  I mea- 
fured  their  bulk',  but  not  their  weight. 

Applying  thefe  experiments  to  my  pre- 
fent  purpofe,  I may,  wthout  any  confider- 
able error,  flate  the  quantity  of  water  car- 
ried off  in  vapour,  and  not  included  in  the 
foregoing  weight,  at  700  grains  j and  the 
quantity  of  oil  carried  off  in  the  fame  way, 
at  26.9402  grains. 

The  quantity  of  water  which  the  29.  t 
grains  of  pure  air  can  furnifh  in  thefe  cir- 
cumflances,  is  too  fmall  to  be  regarded  on 
this  occafion  j and  therefore  we  may  fay 
that  the  acetous  fait  contained  340  + 700 
p:  1040  grains  of  water,  and  confequently 

2777.00^ 
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2y'jy>oo6  of  mere  acid,  or  mere  acid  and 
lixable  air  : for  I ftrongly  fafped:  that  in 
the  mere  evaporation  and  exficcation  of  the 
fait,  fome  fixable  air  is  formed  from  the 
acetous  acid  whefe  it  is  expofed  to  the  air. 

It  is  to  be  obferved,  that  the  inflammable 
air,  oil,  and  phlogiftic  part  of'  the  black 
coal,  amount  to  1332.542  grains  j and  the 
fixable  air  to  1473.564  grains;  the  total 
of  which  differs  from  2777.006,  the  com- 
puted quantity  of  mere  acid,  only  by  the 
weight  of  the  pure  air,  which  never  fails, 
with  ignited  acetous  falts,  to  make  fixable 
air.  From  all  which  I conclude,  that  the 
quantity  of  matter,  in  acetous  acid  thus 
treated,  which  is  expended  in  the  formation 
of  inflammable  air  and  oil,  is  not  much  lefs 
than  that  which  is  expended  in  making  fix- 
able  air ; and  for  the  reafon  above-men- 
tioned, I am  of  opinion  that  the  weight  of 
thefe  would  be  equal,  if  the  acetous  fait 
were  pi’epared  without  expofure  to  air, 
which  fo  far  as  it  enters  will  make  fixable 
air,  as  will  be  fliewn  hereafte'r. 


In 
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In  this  experiment  we  remark  the  moil: 
illuftrative  phenomena  of  a great  many  more 
which  I have  made  on  falts  and  vegetable 
fubftances,  containing  the  principles  of 
acetous  acid  j in  all  which  it  appears  that 
phlogifton  enters  the  compofition  of  acetous 
acid  in  great  quantity;  that  acetous  acid 
detained  by  its  attradfion  to  a fixed  body, 
until  it  is  ignited  to  a certain  degree,  forms 
new  compounds ; that  fire  is  the  only  mat- 
ter which  it  receives  in  this  circumftance ; 
that  it  abforbs  and  combines  with  this  fire, 
and  fixes  it ; that  fome  principle  or  prin* 
ciples  of  the  acetous  acid  combined  with  fire 
make  fixable  air,  whilll:  fo  much  of  the  re- 
mainder as  combines  in  like  manner  with' 
fire  makes  inflammable  air ; and  that  which 
efcapes  the  neceffary  ignition  makes  oil ; or 
that  which  is  obfiinately  retained  in  a fixed 
body  makes  a coaly  combuftible  fubftance. 

But  above  all  things  we  are  to  obferve, 
concerning  the  diftillations  in  which  acetous 
acid  is  fubmitted.to  the  adtion  of  fire,  that  no 
part  of  it  either  in  this  or  any  fimilar  expe- 
riment is  expelled  from  acetous  falts  duly 
3 prepared. 
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prepared,  in  the  form  of  acetous  acid,  ahd 
that  the  acidulous  liquor,  which  is  faid  by 
chemical  writers  to  be  diftilled  in  fuch  pro- 
ceffes,  is  not  truly  acid,  but  a mixture  of 
water,  fixable  air,  and  the  ethereal  oil  of 
the  fubflance  fubmitted  to  the  difiillation. 

Finally,  it  is  to  be  remarked,  that  in  this 
or  in  any  of  the  diftillations  of  acetous  com- 
pounds, made  by  the  ablefi;  chemifbs,  there 
is  no  increafe  of  weight  in  confequence  of 
the  new  compounds  formed  by  the  acetous 
acid  and  firej  and  confequently  all  fuch 
experiments  tend  to  iliew  that  the  matter 
of  fire  does  not  gravitate  fenfibly. 


SECT. 
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SECT.  IV. 

Experiments  JJ^ewing  that  in  the  ^ranf- 
mutation  of  Acetous  Acid  into  the  Elafiic 
Fluids  and  Oily  there  is  no  intermediate 
Form  of  ity  and  tending  to  efahlif:)  the 
foregoing  Indudiions, 

IN  diftilling  i6  ounces  Troy  of  acetated 
vegetable  alkali  in  a glafs  retort  fet  in 
a fand  pot,  the  abforption  of  air  took  place 
in  the  manner  delcribed  in  the  preceding 
experiment.  Fixable  and  inflammable  air 
ifliied  alfo  after  the  fait  had  been  compleatly 
fufed,  and  the  abforption  had  ceafed,  but 
the  proportion  of  fixable  air  was  fomewhat 
lefs  relatively  to  the  inflammable  air,  from 
the  beginning  to  the  2340  cubic  inch  of 
the  mixed  elaftic  fluids ; which  I impute 
to  the  different  application  of  heat. 

For  here  any  fixable  air,  detached  from 
the  hottefl:  part  of  the  charge  near  the  bot- 
tom of  the  retort,  mufl:  pafs  through  the 

frothy 
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frothy  and  colder  parts,  in  which  a great 
part  of  it  may  be  retained,  whilfl:  the  in-- 
flammable  air  which  is  lefs  forcibly  at- 
traded  by  the  alkalefcent  charge,  efcapes 
through  it  undiminiflied. 

When  about  3000  cubic  inches  of  elaflic 
fluid  were  expelled*  the  quantity  of  water 
and  oil  was  nearly  the  fame  as  appeared  at 
the  like  period  of  the  former  experiment  5 
and  now  the  charge  boiled  over  the  helm. 

This  inconvenience  w'as  repeatedly  expe- 
rienced in  diftilling  the  fame  fait  in  this 
manner,  although  1 had  ufed  retorts  ca- 
pable of  holding  fix  times  the  charge,  and 
had  regulated  the  fire  with  the  greatefi: 
caution. 

The  part  of  the  charge  which  had  not 
boiled  over,  was  a black  fpongy  alkaline 
mafs,  which,  when  diffufed  in  water,  eafily 
depofited  a black  coaly  matter,  like  that 
deferibed  in  the  foregoing  experiment,  on 
the  filter,  whilfl  the  alkaline  iblution  pafied 
through  quite  colourlefs. 


This 
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This  filtered  folation  evaporated  to  dry- 
nefs,  yielded  pure  v*^hite  and  very  mild  fixed 
vegetable  alkali/  which  on  the  affufion  of 
'vitriolic  acid,  yielded  a greater  proportion 
of  fixable  air  than  is  above  defcribed,  as 
might  be  expeded  in  confequence  of  the 
heat  which  it  fuftained  being  much  weaker 
and  of  ihorter  duration. 

The  portion  which  boiled  over^  and  corl- 
fequently  fuftained  the  leaft  heat,  was  as 
deliquefeent  as  the  acetated  alkali  employed, 
and  was  of  a dark  brown  colour,  as  if  ftained 
by  the  oil  expelled  from  the  part  of  the  fait 
which  occupied  the  bottom  and  hotte'ft  part 
of  the  retort.  The  folution  of  it  palled' 
llowly  through  the  filter,  and  was  opaque, 
olive-coloured  and  greafy,  by  reafon  of  the 
oil.  The  dry  fait  got  from  it  by  How  eva- 
poration., was  plainly  impregnated  with  oil, 
which  gave  it  the  colour  of  pale  yellow 
ochre.  Its  weight  was  exadlly  half  that  of 
the  white  alkaline  fait  got  from  the  other 
part  of  this  charge ; and  with  vitriolic  acid 
it  yielded  fixable  air  and  acetous  acid, 
which  left  a refidue  of  vitriolic  fait,  black- 

D ened 
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cned  by  the  oily  matter.  Therefore,  the 
part  of  the  acetous  acid  which  was  fufii- 
ciently  ignited,  was  all  tranfmuted  into 
eladic  fluids  and  oil,  and  the  remainder  re- 
tained the  form  and  characters  of  this  acid  ; 
and  in  the  tranfition  of  acetous  acid  to  form 
fixable  and  inflammable  air  and  oil,  there  is 
no  intermediate  form  of  it ; and  as  the  oil 
may  by  fire  alone  be  turned  into  inflam- 
mable air,  the  part  which  appears  in  the 
oily  form  differs  from  the  inflammable  air 
chiefly  in  its  having  efcaped  the  neceffary  ig- 
nition, and  confequent  difunion  of  its  parts, 
which  mufl:  precede  its  combination  with 
the  quantity  of  fire  eflential  to  the  elaftic 
form  of  inflammable  air. 

In  , repeating  this  experiment  with  64 
ounces  of  acet.  veg.  alkali,  I obferved  the 
fame  phenomena  on  a larger  fcale,  and  did 
not  obtain  one  drop  of  acid.  But  yet  the 
water  impregnated  with  fixable  air  and  ethe- 
real oil  had  a pungent  acidulous  tafte;  which 
has  milled  chemifls  to  confider  the  like  pro- 
duct of  acetous  falls  and  vegetable  fubftances 
as  an  acid  fpirit. 


In 
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In  tliefe  circumftanccs,*  the  acetous  acid 
does  not  part  in  its  proper  form  and  confti- 
tution  from  the  alkali ; but  remains  in  it, 
until  by  the  accefs  of  a certain  charge  of 
fircj  it  forms  the  new  produdl:s  which  pafs 
off  in  diftillation; 

In  the  foregoing  manner^  32  ounces  Troy 
of  my  acetated  vegetable  alkali  were  diftilledi 
very  flowly,  and  yielded  the  water,  oil> 
fixable  air,  and  inflammable  air,  already 
defcribed  j until,  at  the  expiration  of  fix 
hours,  the  charge  begun  to  froth  and  rife 
towards  the  helm : then  the  retort  was 
quickly  raifed  out  of  the  hot  fand,  without 
' cxpofing  its  contents  to  the  atmofpheric  aifi 

When  the  matter  had  fubfided  a little,  and 

\ 

concreted  by  cooling,  it  w-as  very  fpongy 
at  the  upper  part,  but  as  compacft  as  the 

foliated  Earth  of  Tartar  at  the  bottom,  and 

■1. 

equally  cryflaline,  foliated,  and  deliquefcent; 
but  it  was  of  a dark  grey  colour,  and  weighed 
26  ounces : therefore,  only  fix  ounces  were 
expelled  in  the  forms  above-mentioned  : 
but  in  reducing  the  acetous  fait  to  this  flate, 
all  the  water  that  could  have  been  withdrawn 
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without  decompofing  it  totally,  was  taken 
from  it. 

To  thefe  26  ounces  I added,  very  flowly, 
through  ,a  feparating  funnel,  in  a tubulated 
retort  fitted  to  the  apparatus  defcribed  in 
the  Third  Sedtion,  26  ounces  of  the  mofi; 
dephlcgmated  vitriolic  acid,  every  part  of 
which  excited  heat,  where  it  adted  on  the 
faline  mafs.  By  diftillation  in  a fand  heat, 
I obtained  firft,  three  ounces  of  dephleg- 
mated  acetous  acid  ; then  as  much  more  of 
weaker  acetous  acid  j then  two  ounces,  of 
which  one-third  was  water  j and  laftly,  an 
ounce  of  acid,  equal  to  dephlegmated  ace- 
tous acid  mixed  with  its  weight  of  water.  • 

During  the  diftillation  of  the  acid,  a denfc 
white  vapour  flowed  down  along  the  lower 
fide  of  the  long  neck  and  receiver,  confifting 
chiefly  of  acetous  and  oily  vapour  and  fix- 
able  air;  and  the  elaftic  fluid  which  iflued 
through  the  bent  tube  of  the  lower  recipient, 
after  the  atmofpheric  air  was  expelled,  con- 
fifted  of  fixable  air  blended  with  a little  of 
the  oily  and  acetous  vapour.  After  this, 

half 
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half  an  ounce  of  water,  impregnated  with 
vitriolic  and  fulphureous  acid,  was  diftilled, 
and  then  the  fulphureous  or  volatile  acid,  in 
its  claftic  ftate,  iflued  rapidly.  At  this  mo- 
ment I raifed  the  retort  out  of  the  hot  fand, 
and  fuffered  it  to  cool  quickly,  without  ad- 
mitting any  air  to  it. 

The  quantity  of  water  thus  procured  from 
the  mixture  of  the  mod:  dephlegmated  vi- 
triolic acid  with  highly  dephlegmated  ace- 
tous fait,  from  either  of  which  feparately, 
no  water  can  be  procured  by  heat,  is  worthy  - 
of  notice.  The  true  reafon  of  it  will  ap- 
pear hereafter;  but  when  the  experiment 
was  made,  I imputed  it  to  the  agency  of 
Phlogifton,  which  in  divers  experiments  ap- 
peared to  facilitate  the  extrication  of  water 
from  acids,  air,  and  other  bodies ; and  al- 
though I could  not  determine  whether  the 
water  was  only  liberated,  or  was  really 
formed,  I made  pradlical  ufe  of  the  ob- 
fervation  ; for  ever  after,  in  preparing  the 
drongeft  acetous  acid,  I was  little  felicitous 
about  the  drynefs  of  the  acetous  fait,  or 
drength  of  the  vitriolic  acid,  and  truded 
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chiefly  to  the  volatility  of  the  acetous  acid^ 
by  reafon  of  which,  the  flrfl;  portions  di- 
Ifilled  from  a great  charge  are  as  flrong  as 
acetous  acid  can  be  procured  from  the  drieft 
materials. 

The  denfe  white  vapour  which  occurs  in 
the  diflillation  of  this  and  other  acetous 
compounds,  runs  diftinfl  under  the  air  left 
in  the  vefTels,  as  water  runs  under  oil,  and 
confifts  of  fixable  air  blended  with  oily 
vapour.  Whilfi:  the  acid  arifes  highly  de- 
phlegmated,  this  fine  oil  is  freely  imbibed 
by  it,  to  a certain  quantity  j but  the  diluted 
acid  which  follows,  becomes  turbid  with 
the  oil,  becaufe  it  is  foluble  in  water  only, 
in  fmall  quantity. 

Hence  we  learn,  that  the  oil  or  mofl 
phlogiftic  part  of  acetous  acid  will  unite 
with  the  like  acid,  although  the  phlogiftic 
part,  which  has  acquired  the  form  of  in- 
flammable air,  will  not.  And  as  this  oil 
may  be  tranfmuted  into  inflammable  air  by 
fire  only,  the  agent  which  gives  the  elaftic 
form  is  fire,  and  that  which  prevents  the 

phlogiftiq 
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phlogiflic  part  of  acetous  acid  from  uniting 
with  the  like  acid  again,  is  nothing  elfe  but 
fire. 


The  faline  mafs,  confifting  of  vitriolic 
acid  and  vegetable  alkali,  was  found  ftrongly 
impregnated,  and  quite  blackened  with 
coaly  matter,  like  that  already  defcribed  ; 
whence  it  appears,  that  vitriolated  Tartar, 
with  excefs  of  vitriolic  acid,  will  retain,  like 
alkali,  a portion  of  the  Phlogifton  of  acetous 
acid  in  a conhderable  heat,  and  will  form 
with  it  a black  coaly  fubftance. 

The  fulphureous  acid  fhews  'that  the 
phlogiftic  matter  of  acetous  acid,  volatile 
fulphureous  acid,  fulphur,  and  other  bodies, 
is  identical. 

From  this  and  the  foregoing  experiments 
we  may  infer,  that  the  fire  expended  in 
decompofing  acetous  acid,  pafies  off  along 
with  the  produdts  in  a fixed  ftate,  fince  they 
iifue  cold  j and  that  every  portion  of  the 
acetous  acid  requires  its  due  charge  of  fire, 
before  it  can  be  tranfmuted  by  it ; fince  by 
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withdrawing  the  charge  of  acetous  fait  from 
the  fire,  at  any  time  before  the  whole  of 
its  acid  is  transformed,  whatever  part  of  it 
remains,  is  flill  pofTeffed  of  every  property 
of  acetous  acid,  and  affcdts  no  condition 
intermediate  between  this  and  the  fubftance 
of  elaflic  fluids,  which  with  a due  charge 
of  fire  it  never  fails  to  form. 

This  is  manifeftly  true,  with  refpedt  to 
the  part  of  the  acetous  acid  which  is  ex- 
pended in  the  formation  of  fixable  air;  but 
as  fome  of  the  phlogiflic  part  of  the  ace- 
tous acid  is  expended  in  forming  oil,  whilft 
the  remainder  of  its  phlogiflic  matter,  in 
new  combination,  forms  inflammable  air, 
the  part  which  is  turned  into  inflammable 
air,  may  be  faid  to  aftedl  an  intermediate 

I 

form  of  oil,  although  the  fame  may  not  be 
faid  of  the  acetous  acid  j but  flill  the  oil 
appears  to  be  nothing  more  than  the  fub- 
llance  of  inflammable  air  before  it  combines'^ 
with  fire ; for  this  oil  puflaed  through  red 
hot  fand  or  glafs,  or  clay,  or  detained  in 
porous  bodies  by  capillary  attraction, % until 
it  can  be  duly  ignited,  is  almoft  wholly  con- 
vertible 
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yertible  into  inflammable  air,  like  that  ex^. 
pelled  from  the  acetous  fait. 

In  due  time,  we  fliall  difcover  the  reafon 
why  one  part  of  the  acid  is  expended  in 
making  fixable  air,  whilfl:  the  remainder 
forms  a combuflible  elallic  fluid  or  oil,  fo 
different  from  acetous  acid  or  fixable  air. 

In  thefe  diftillations  of  acetated  vegetable 
alkali,  and  in  thofe  of  other  acetous  falts, 
in  glafs‘  veffels,  I have  always  found  that 
more  of  the  fixable  air  is  retained  in  the 
alkaline  or  earthy  refidue,  than  is  expelled 
along  with  the  inflammable  air. 

In  fixable  air,  whofe  parts  are  detained 
and  approximated  by  an  alkaline  fait,  as  in 
pur  mild  alkaline  refidues  of  acetous  faltj  or 
by  earth,  as  in  chalk  or  magnefiaj  the  mat- 
ter of  fire  does  not  feem  to  be  combined  in 
fo  great  a quantity  as  in  that  which  affumes 
the  elaftic  form  i but  flill^  we  may  be  al- 
lowed to  call  it,  even  in  the  fixed  (late,  by 
the  ufual  name,  and  in  the  latitude  of  fpeech 
which  mull  be  admitted  in  the  infancy  of 
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this  knowledge,  we  may  fay,  that  fixable 
^ir  never  becomes  elaftic,  uptil  it  is  faturated 
with  fire,  and  unreftrained  by  other  matter; 
for  in  detaching  it  from  alkalies,  chalk,  mag- 
nelia,  or  any  other  body,  fo  as  to  produce 
it  in  the  elaftic  ftate,  we  are  obliged  to  ufe 
fire ; we  obferve  a great  expenditure  of  fire, 
becaufe  the  body  thus  yielding  fixable  air, 
never  conceives  near  fo  much  heat,  whilfi: 
it  emits  fixable  air,  as  it  would  in  the  fame 
fire,  if  it  contained  none  of  this  matter;  and 
the  fire  which  thus  accompanies  fixable  air 
dees  not  defert  it,  becaufe  it  does  not  warm 
the  velTels  through  which  the  fixable  air 
runs  with  a rapid  fiream  : or  if  v/e  attempt 
the  extrication  of  fixable  air  by  any  other 
means,  we  find  that  nothing  void  of  fire 
will  anfwer  the  purpofe.  Acids  caufe  great 
heat,  and  confequently  emit  a great  quan- 
tity of  fire  in  combining  with  pure  alkalies, 
pure  calcareous  earth,  calcined  magnefia  and 
divers  other  bodies ; therefore  they  con- 
tain fire  abundantly  : but  when  acids  are 
employed  to  detach  fixable  air  from  thefe 
bodies,  little  or  no  heat  is  difcoverable,  no 
fire  is  emitted  to  wafle,  but  all  that  belonged 
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to  the  acid  or  alkali,  or  lime  or  magnefia, 
and  which  cannot  be  retained  in  the  faline 
compound,  is  transferred  to  the  fixable  air 
and  combines  with  it ; for  otherwife,  it 
would  ilTue  hot,  and  gradually  impart  this 
heat  to  the  neighbouring  bodies. 

Whenever  any  heat  is  difeovered  in  the 
folution  of  bodies  which  yield  fixable  air, 
and  very  little  elfe,  it  implies  no  more  than 
that  the  menftruum  and  folvend  together 
emit  more  fire  in  the  approximation  and 
union  of  their  parts,  than  is  necefiary  to  the 
conftitution  of  that  quantity  of  fixable  air 
which  ifiues  in  the  elafiic  form. 
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SECT.  V.  ' 

Analyjis  of  Acetous  Calcareous  Salt  by  FirCt 
illiif  rated  with  general  Obfervations. 

I HAVE  purpofely  omitted  the  doubts 
which  may  be  entertained  concerning 
the  foregoing  inferences,  left  they  fhould 
perplex  the  reader,  and  referved  the  dif- 
cuffion-  of  them  for  the  fubfequent  pages, 
in  which  I am  to  relate  the  experiments 
made  for  this  and  other  purpofes. 

Sufpeding  that  the  alkali  of.  the  acetous 
fait  might  have  contributed  to  the  formation 
of  the  elaftic  fluids,  and  of  the  oil  efpecially, 
by  fome  other  means  than  the  mere  deten- 
tion of  the  acetous  acid,  until  it  receives  a 
greater  charge  of  fire  than  chat  by  which  it 
may  be  diftilled  alone  without  decompo- 
fition  j and  intending  that  the  tnealures,  by 
wKich  the  real  agency  of  the  alkali  might 
be’ afcertained,  ihould  at  the  fame  time 
aftbrd  fome  further  elucidation  of  the  nature 

of 


[ 45  ] 

of  this  acid,  I made  the  following  experi- 
ments with  new  acetous  compounds. 

Into  a cylindrical  glafs  velTel,  filled  with 
mercury,  and  inverted  in  a bafon  of  the 
fame,  I introduced  240  gr.  of  powdered 
lime,  and  when  it  had  all  rifen  above  the 
quickfilver,  F added  720  gr.  of  concentrated 
acetous  acid,  which  with  a glafs  rod  I 
mixed  brifkly  with  the  lime.  A heat  ex- 
ceeding 212  degrees  was  immediately  ex- 
cited, and  the  mercury  was  depreffed  con- 
fiderably. 

» The  matter  which  deprefied  it,  occupied 
a fpace  of  18  cubic  inches,  under  the  mean 
prelTure  of  the  atmofphere,  whilfi:  it  was 
hot  j and  was  chiefly  acetous  vapour ; for  the 
fpace  lefTenqd  quickly  as  the  veflel  cooled, 
and  the  mercury  foon  rofe  to  its  former 
heigh  th. 

By  this  experiment  I difcovered  the  caufc 
of  the  great  wafle  of  acetous  acid  which  I 
had  often  experienced,  in  attempting  to 
make  acetous  calcareous  fait  without  uling 
I water, 
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water,  in  order  to  fave  the  trouble  of  eva- 
poration,. or  to  know  the  degree  of  concen- 
tration or  ftrength  at  which  the  acid  was 
contained  in  the  fubjedt  to  be  fubmitted  to 
the  adtion  of  fire : even  when  the  acid  di- 
luted with  an  equal  weight  of  water  was 
mixed  with  quicklime,  I obferved  a confi- 
derable  wafte  of  the  former  in  pungent  va- 
pour, expelled  by  the  heat  of  the  flaking 
lime,  before  the  intended  combination  could 
take  place. 

When  I diluted  concentrated  acetous  acid 
with  equal  parts  of  water,  and  diflblved  a 
little  lime  in  this  weakened  acid  ; and  then, 
in  order  to  have  a dry  fait  diredlly,  poured 
it  on  quicklime,  I obferved  that  the  parts 
of  the  lime  which  were  mofl:  heated  grew 
black.  This  is  analogous  to  the  change 
which  acet.  calc,  fait  undergoes  in  the  like 
heat  in  clofe  veflels ; and  hence  I learned, 
that  in  compofing  this  fait,  the  lime  ought 
to  be  previoufly  flaked  and  cooled,  and  a 
quantity  of  water,  more  than  is  fuflicient 
for  the  folution  of  the  calc,  fait,  ou»ht  to 
be  employed,  as  in  the  following  experiment; 

I'  I flaked 
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I flaked  four  ounces  Troy  of  pure  lime, 
and  when  it  was  quite  cold,  I added  30 
ounces  and  8 pennyweights  of  water,  and 
then  1 1 ounces  4 pennyweights  of  concen- 
trated acetous  acid : thefe  being  the  ne- 
celfary  proportions  for  faturation  and  fo- 
lution  in  the  degree  of  heat  excited  during 
the  union  of  the  acid  and  flaked  lime,  which 
was  about  100  of  Farenheit. 

I evaporated  the  folutlon  flowly  to  dry- 
nefs,  never  exceeding  200  degrees  of  heat ; 
and  obferved  that  it  exhaled  acetous  acid 
fenfibly  throughout  the  evaporation,  and 
copioufly,  when  the  faline  matter  grew  con- 
flflent  and  approached  to  drynefs,  although 
at  this  time  the  heat  did  not  exceed  100.  I 
therefore  dried  it  no  further  than  to  render 
it  compleatly  pulverable  and  fit  to  be  eafily 
introduced  into  a retort,  without  wafte.  In 
this  (late  it  weighed  1 1 oz.  4 dwts.  4 gr.  = 

Grains  5380 

So  it  confifled  of  lime  - - _ 1^20 

Of  acetous  acid  and  water  - , - 3460 

And  the  lofs  of  acid  by  evaporation 

was  about  - - - - 1916 


or 
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or  near  4 of  the  acid  employed  : and  hence 
it  appears,  that  near  4 more  of  the  acid  is 
required  for  the  folution  of  lime,  than  is 
retained  in  the  dry  calcareous  fait  j or,  that 
dry  acetous  calcareous  fait  retains  the  acid 
in  a more  concentrated  flate  than  we  have  it 
in  the  purefi:  concentrated  acetous  acid.  But 
the  exhalation  of  acid  throughout  the  eva- 
poration, and  the  quantity  of  acetous  acid 
obtainable  from  acetous  calcareous  fait,  when 
decompofed  by  nitrous  and  other  flrong 
acids,  fhew  that  there  is  a real  lofs  of  near  4 
of  the  acetous  acid  in  evaporating  this  folu- 
tion to  drynefs. 

I have  often  obferved,  that  acetous  cal- 
careous fait,  which  felt  perfectly  dry  and 
was  kept  in  paper  loofely  folded,  fmelled  of 
acetous  acid  whenever  the  paper  was 
opened,  during  two  or  three  months.  For 
this  reafon,  and  becaufe  the  acid  varies  in 
quantity  as  the  fait  is  more  or  lefs  dried,  I 
noted  the  quantity  of  calcareous  earth  and 
acid  in  the  calcareous  fait,  at  the  time  of  my 
ufing  it  in  any  experiment,  from  which  I 
intended  to  learn  the  quantity  of  fixable 

and 
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and  inflammable  air,  and  of  oil  and  water, 
which  could  be  produced  from  it  in  diftil- 
lation. 

Of  the  calcareous  fait  thus  prepared,  I 
introduced  3965  gr.  containing  1438  of 
lime,  and  2j27  of  acid  and  water,  into  a 
glafs  retort  well  coated,  and  placing  it  in 
a reverberatory  furnace,  in  which  the  heat 
might  adt  equally  on  the  upper  and  lawer 
parts  of  the  charge,  I adapted  a condenfing 
apparatus,  fimilar  to  that  already  defcribed. 
The  retort  and  recipients  contained  231 
cubic  inches  of  common  air  r:  88.935 
and  the  meafures  in  which  the  elaflic  fluids 
were  to  be  received,  contained  37  cubic 
inches  each. 

When  fire  was  applied,  the  elaflic  fluids 
expelled  were  flated  thus : 

Cub.  Inch. 

1.  37  were  atmofpheric  air. 

2.  37  were  atmof.  air  more  phlogiflicated. 

A portion  of  water  and  colourlefs  ethereal 
oil  was  now  drawn  off,  and  marked  N°  i, 
and  a white  vapour  appeared  in  the  receiver. 

E 3.  37 
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Cub.  Inch.  coiiCdined.  Fixed  Air.  Phlogiflic.  and  Infir 


3-  , 

37 

5 

32 

4- 

37 

6 

3i 

Before  this  time. 

a portion  of  dear  oil,  in- 

dining  to 
marked  N° 

yello 

2. 

w,  was  faved 

apart,  and 

5- 

37 

12 

25 

Another  portion 

of  yellow  oil 

was  now 

withdrawn. 

and  marked  N®  3. 

Inflam.  chiefly. 

6. 

37 

1 1 

26 

7- 

37 

10 

27 

Now  the  oil  N° 

^ w^as  drawn  ofF. 

8. 

37 

9 

28 

Inflammable. 

9- 

37 

8 

29 

lO. 

37 

7-5 

29-5 

11. 

37 

7-5 

29-5 

12. 

37 

7*5 

29-5 

^3- 

37 

7-5 

'29-5 

14. 

37 

7-5 

29-5 

15- 

37 

7-5 

29-5 

16. 

37 

7-5 

29.5 

17- 

37 

7-5 

29-5 

18. 

37 

7-5  ' 

29-5 

19,. 

37 

7-5 

29-5 

20. 
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Cub.  Inch,  contained. 

Fixed  Air. 

Inflammable. 

20. 

37 

7-5 

29-5 

21. 

37 

7-5 

29-5 

22. 

37 

7 

3^ 

23. 

37 

6.5 

30-5 

24. 

37 

5-5 

31-5 

No  oil  appeared  to  have  been  diftilled  fince 
the  twentieth  meafure ; I therefore  drew  ofF 
all  that  was  in  the  recipient,  and  got  none 
afterwards ; this  was  marked  N°  5. 


25- 

37 

5-3 

317 

26. 

37 

5 

32  • 

27. 

37 

4.9 

32.1 

28. 

37 

4.8 

32.2 

29. 

37 

4-7 

32-3 

30- 

37 

4.6 

32-4 

31* 

37 

4 

33 

32* 

37 

3’4 

33-5 

33* 

37 

3-4 

33-5 

34- 

37 

3-4 

33*6 

35- 

37 

3-4 

33-6 

36- 

37 

3-3 

33-7 

37- 

37 

3-2 

33-8 

38* 

37 

3-1 

33-9 

39- 

37 

3*1 

33-9 

40. 

37 

0 

34 

E 2 41, 
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Cubr  Inch,  contained. 

Fixed  Air. 

Inflammable. 

41. 

37 

3 

34 

42. 

37 

3 

34 

Ever  after  the  diftillation  of  oil 

had  ceafed. 

the  vapour 

in  the  velfels  was  lefs 

opaque. 

43* 

37 

3 

34 

44. 

37 

3 

34 

45* 

37 

3 

34 

46. 

37 

3 

34 

47. 

37 

3 

34 

48. 

37 

3 

34 

49. 

37 

3 

34 

50- 

37 

3 

34 

60. 

370 

30 

340 

61. 

37 

3 

34 

62. 

37 

3 

34 

^3* 

37 

3*1 

33-9 

64. 

37 

3-5 

33*5 

6j. 

37 

4 

33 

66. 

37 

5 

32 

67. 

37 

6 

31 

68. 

37 

7 

30 

69. 

37 

, 8 

29 

70. 

37 

8.5 

28.5 

71- 

37 

9 

28 

72. 

37 

9*5 

27.5 

73- 
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Cub.  Inch,  contained. 

Fixed  Air. 

Inflammable. 

73* 

37 

9.9 

27.1 

74- 

37  • 

10.2 

26.8 

75- 

37  . 

10.5 

26.5 

80. 

185 

52.5 

132*5 

81. 

37 

10.5 

26.5 

At  this  time  the  retort  was  ready  to  melt, 
and  it  was  necelTary  to  withdraw  the  fire. 
What  ilTued  afterwards  was  retained  in  a 
bladder,  faftened  to  the  difcharging  tube  of 
the  feparating  funnel,  and  thefe  vefihls, 
when  cold,  contained  232  cubic  inches  of 
air,  chiefly  inflammable,  the  calcareous 
earth,  or  wet  bladder,  having  imbibed  the 
fixable  air,  if  any  ifiued,  about  the  time 
when  the  fire  was  withdrawn. 

The  fum  of  the  cubic  inches  of  Gr. 


elafiic  fluids  was  - - 3229 

Of  which  the  atmofpheric  air,  un- 
altered, made  - - _ 

The  fixable  air  - - - 456-2 

The  inflammable  and  the  phlo- 

giftic  air  - - - 2698.8 


It  is  to  be  obferved,  that  in  this  diftil- 
lation,  no  air  in  addition  to  that  contained 

E 3 in 
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ill  the  recipients  was  admitted ; for  as  there 
was  no  danger  of  boiling  the  calcareous  fait 
over  the  helm,  the . retort  was  quickly 
heated,  and  if  any  abforption  of  the  air  hap- 
pened, its  place  was  fupplied  immediately 
by  the  vapours  and  elaftic  fluids  which 
iflfued  early  and  continually  from  the 
charge. 

By  long  experience  in  operations  of  this 
kind,  I have  been  convinced  that  the  quan- 
tity of  fixable  air,  which  the  water  can  im- 
bibe during  the  meafurement,  is  not  con- 
fiderable,  when  it  is  thus  mixed  with  in- 
flammable air,  and  when  the  quantity  of 
water  employed  is  not  above  VV  of  the  bulk 
of  the  elaftic  fluids.  What  is  thus  im- 
bibed and  gradually  emitted  to  wafle  from 
the  water  is,  to  my  apprehenfion,  barely 
fufficient  to  compenfate  for  an  inaccuracy, 
in  the  menfuration,  of  a contrary  tendency, 
by  which  we  are  led  to  over-rate  the  quan- 
tity of  fixable  air.  For  in  the  agitation  of 
the  mixed  elaflic  fluid  with  lime  liquor,  the 
quantity  of  this  lafl:  which  enters  the  mea- 
fure  denotes  not  only  the  quantity  of  fixable 

air 
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air  imbibed,  but  the  quantity  of  phlogiflic 
and  inflammable  air  which  is  entangled  in 
minute  bubbles  in  the  mixture  of  water 
and  lime;  and  therefore,  if  we  flate  the 
bulk  of  the  fixable  air  to  be  equal  to  that  of 
the  liquor  which  enters  the  meafure,  we 
alfume  a greater  than  the  real  quantity. 
When  the  bufinefs  is  fteadily  conducted, 
thefe  oppofite  errors  corredl  each  other  fuffi- 
ciently,  with  regard  to  the  fixable  air. 

Concerning  the  inflammable  air  which  is 
thus  loft  during  the  feparation  of  the  fixable 
air,  it  is  to  be  obferved,  that  it  is  barely 
equivalent  to  the  bulk  by  which  we  are  apt 
to  over-rate  the  quantity  of  this  elaftic  fluid, 
in  meafuring  it  foon  after  it  has  iftued.  For 
in  a mixture  of  fixable  and  inflammable  airs,  ' 
ifl'uing  with  a temperature  exceeding  52  by 
a few  degrees,  the  inflammable  air  is  more 
dilated  than  the  other,  or  requires  a longer 
time  to  accommodate  itfelf  to  the  denfity 
proper  to  its  mean  temperature.  Therefore, 
in  meafuring  it  foon  after  its  egrefs  from 
the  charge,  I confider  the  bulk  left  in  the 
lime  liquor  as  equal  or  almoft  equal  to  that 

E 4 by 
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by  which  the  inflammable  air  in  the  mea- 
fure  exceeds  the  volume  to  which  it  would 
in  due  time  contract  in  a temperate  me- 
dium. 

By  frequent  comparifons  of  the  bulks  of 
fuch  elaftic  fluids,  meafured  at  various  tem- 
peratures, with  their  bulks  at  52,  I afcer- 
tained  the  quantity  that  ought  to  be  de- 
ducted from  the  meafures  taken  at  any  tem- 
perature, exceeding  52  ; and  this  was  efpe- 
cially  necelTary  in  warm  weather,  or  when 
the  laboratory  was  heated.  But  in  making 
this  deduction  from  the  meafured  bulk,  I 
found  it  not  expedient,  for  the  reafons  al- 
ready mentioned,  that  it  ihould  be  greater 
with  regard  to  the  inflammable  than  the 
fixable  air. 

Thefe  obfervations  are  applicable  efpe- 
cially  to  the  prefent  experiment,  in  which 
the  elaftic  fluids  were  neceifarily  meafured 
before  they  had  acquired  that  temperature 
to  which  I confine  myfelf  in  calculating 
their  weight. 


Deduding 
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Deducing  then  4 of  the  meafured  bulk 
of  the  elaltic  fluids  of  this  diftillation,  I 
flated  the  mean  bulk  of  the  fixable  air  at 
405.512  cubic  inches ; and  that  of  the  in- 
flammable and  phlogiftic,  at  2398.934, 

Of  231  cubic  inches  of  air  included  in 
the  retort  and  receivers,  74  were  expelled 
without  alteration,  and  157  only  are  to  be 
accounted  for:  but  of  this  quantity  125.6 
cubic  inches  is  the  bulk  of  phlogifticated 
air,  which,  is  merely  paflive,  and  about 
31.4  cubic  inches  of  pure  air  operate  in  the 
.procefs.  Deducting,  therefore,  125.6  cubic 
inches  from  the  volume  of  the  inflammable 
and  phlogiflic  air,  which  was  2398.934, 
we  fhall  find  the  cubic  inches  of  inflam- 
mable air  alone  to  be  2272.434. 

The  pure  air  meafuring  3 1 .4  cubic  inches, 
and  weighing  13.188  gr.  and  being  an 
active  matter,  is  to  be  confidered  as  a part 
of  the  productive  charge,  which  confifting 
of  3965  gr.  of  calcareous  fait,  and  I3.i88gr. 
of  pure  air,  amounts  to  3978.188  gr. 


On 
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On  opening  the  retort  when  it  was  coid, 
I perceived  that  it  had  been  melted,  but  the 
coating  had  preferved  the  form  of  it.  The 
; mafs  contained  in  it  was  almoft  equal  in 
bulk  to  the  calcareous  fait  employed  : it 
was  black  and  fpongy  in  all  parts,  except 
at  the  bottom,  which  prefented  a circular 
furface,  about  i i inch  in  diameter,  grey 
near  the  centre,  but  declining  to  blacknefs 
towards  the  circumference,  and  the  grey- 
nefs  extended  to  the  depth  of  tV  of  an  inch 
at  the  central  part  only. 

This  grey  part  being  contiguous  to  the 
fand  bed  which  preferves  a red  heat  for 
hours  after  the  fire  is  withdrawn,  was  longeff 
expofed  to  the  heat  j and  the  change  of  co- 
lour is  nothing  more  than  the  whole  mafs 
would  have  undergone  by  a further  conti- 
nuance of  the  fire,  as  will  appear  in  fubfe- 
quent  experiments. 

The  whole  weighed  2191  gr.  and  ex- 
ceeded the  weight  of  the  lime  contained  in 
753  Diffolved  in  dilute  marine 
acid,  it  afforded  11 60. 157  cub.  inch,  of  fix- 

able 
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able  air,  and  1 1.5  of  denfe  inflammable  air, 
which,  I believe,  was  held  in  the  fpongy 
mafs  by  capillary  attraction : and  in  the 
folution  it  appeared  that  two  or  three  grains 
of  the  glafs  adhered  to  the  calcareous  mafs. 
Thus  the  whole  of  the  fixable  air  meafured 
405.5:2  + 1:60.157  rr  1565.669  cub. 
inch,  weighing  892.4313  gr.  And  the  in- 
flammable meafured  2283.934  cub.  inch, 
weighing  596.1067  gr. 

After  the  fixable  air  was  expelled,  I fe- 
parated  the  marine  folution  from  the  undif- 
folved  coaly  matter,  which,  after  being  well 
wailied  and  dried,  weighed  131  gr.  and 
had  great  bulk  for  this  weight.  It  was 
combuflible,  but  not  freely;  for  it  could 
not  catch  fire  from  a flint  fpark.  In  the 
degree  of  ignition  neceffary  for  its  com- 
buftion,  in  the  flownefs  of  it,  and  its  afford- 
ing no  fmoak  or  flame,  it  refembled  the 
powder  of  culm>  which  is  the  kind  of  mi- 
neral coal  employed,  not  as  fuel  but  as  a 
phlogiftic  flux  of  the  Cornifh  ores  of  tin. 
By  calcination  and  frequent  agitation  in  a 
red  heat  for  three  hour?,  it  was  reduced  to 

a grey 
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a grey  powder,  which  clotted  in  its  approach 
to  whitenefs,  and  was  found  to  be  calca- 
reous earth,  impregnated  with  a little  of 
the  marine  acid,  which  was  infeparable,  by 
wafhing,  from  the  coaly  matter.  The  cal- 
careous earth  weighed  41  gr.  and  therefore, 
90  gr.  of  the  coaly  powder  were  diffipated, 
during  the  combuftion. 

When  the  folution  of  acetous  calcareous 
fait  is  infpiffated  fo  far  only  as  is  neceffary 
for  introducing  it  into  a retort,  it  will  ne- 
celTarily  yield  in  diftillation  a little  acetous 
acid,  or  nearly  that  quantity  which  would 
exhale  in  the  exfccation  of  it  in  open  air, 
fince  it  is  a property  of  this  fait  to  hold 
more  acetous  acid  neutralized  in  conjundtion 
with  water,  than  it  can  hold  in  the  dry  ftate. 
I have  accordingly  obferved  in  divers  diftil- 
lations  of  acetous  calcareous  fait,  the  quan- 
tity of  acid  was  greater  from  malTes  barely 
infpiffated,  and  lefs  when  the  fait  was  better 
dried  before  the  diftillation,  and  leaft  of  all, 
or  next  to  nothing,  when  it  was.  perfectly 
dried.  But  as  this  treatment  was  attended 
with  wafte  of  the  acid,  I preferred  the  fait 

here 
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here  defcribed  for  the  bed:  experiments ; 
and  in  my  defcription  of  the  phenomena, 
I am  to  obferve,  that  a few  drops  of  the 
water  firft  diftilled  were  four,  but  that  the 
quantity  of  acetous  acid  which  thus  efcaped 
undecompofed,  was  too  fmall  to  require  any 
further  attention. 

The  portion  of  watery  liquor  fird;  didiilled, 
and  marked  N°  i,  weighed  122  gr,  was 
quite  tranfparent  and  colourlefs,  tailed  pun- 
gent on  the  firfl  impredion  and  then  left  a 
fenfe  of  coldnefs  on  the  tongue,  like  pepper- 
mint water,  and  fmelled  ftrongly  of  the 
ethereal  oil  which  next  appeared  fwimming 
on  the  water.  It  did  not  catch  fire  when 
approached  to  flame ; but  when  it  was  fud- 
denly  heated  by  pouring  it  into  a hot  fpoon, 
the  matter  that  exhaled  from  it  was  inflam- 
mable and  prefented  a weak  diffufive  flame 
of  very  fhort  duration  : It  was  nothing  more 
[than  water  flightly  impregnated  with  the 
fubfequent  oily  liquor. 

The  fl:raw-coloured  oily  fluid  marked 
2 weighed  252  gr,  fmelled  like  the 

former. 
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former,  and  had  a pungent  tafle,  refembling 
that  of  acetous  ether,  but  approaching  to 
caufticity : advanced  within  a few  inches 
of  the  flame  of  a candle,  it  catched  fire, 
even  when  the  air  was  cold,  and  burned 
wdth  a durable  denfe  and  bright  flame, 
leaving  after  flow  combuftion  about  -rV  of 
its  bulk  of  water,  which  tailed  and  adted 
in  all  trials,  like  water  very  flightly  im- 
pregnated with  acetous  acid. 

The  yellow  tranfparent  liquor  marked 
N"  3 weighed  135  gr,  fmelled  and  tafted 
like  N"  2,  catched  fire  from  a diftant  flame, 
and  burned  with  a clear  denfe  and  durable 
flame,  until  the  whole  was  confumed,  or 
what  remained  after  flower  combuflion  was 
only  fuflicient  to  bedew  the  fpoon  in  fome 
parts,  or  to  flain  them  to  a dull  yellow 
colour. 

In  the  diftillation  of  oils  expelled  from 
different  acetous  fall's,  there  is  always  a 
very  fmall  refidue  of  fixed  matter,  the  quan- 
tity of  which  is  greater  as  the  procefs  for 
obtaining  the  oil  is  more  rapidly  condudled, 

and 
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and  is  greateft  in  thofe  circumftances  in 
which  the  greateft  abrafioh  of  the  veffels 
takes  place } for  glafs  veffels  fuffer  this  ab- 
rafion  from  watery,  oily,  or  any  fluids  long 
agitated  in  them  during  evaporation  or 
diftillation.  In  confideration  therefore  of 
the  fixed  matter  which  may  be  protruded 
along  with  the  oil  from  an  acetous  fait,  by 
mere  mechanical  impulfe  ; and  of  the  abra- 
fion  which  tends  to  increafe  the  quantity  of 
matter  left  in  the  ret^lification  or  diftillation 
of  fuch  oil ; I do  not  reprefent  the  refidue 
in  combuftion  as  an  efl'ential  part  of  the 
oil  j and  fince  the  quantity  of  it  W’as  fo  in- 
confiderable,  I fhall  take  no  further  notice 
of  it. 

N°  4 weighed  178  grains,  and  differed 
from  N°  3 chiefly  in  its  richer  yellow  or 
faffron  colour,  being  lefs  tranfparent,  and 
leaving  a dew  on  the  fpoon  after  com- 
buftion, which  was  acidulous  and  very 
acrid. 

The  oil  N“  5 weighed  16S  gr.  and  dif- 
fered in  no  particular  worth  notice  from 
N°  4,  except  its  greater  opacity. 


On 


[ 64  ] 

On  pouring  portions  of  thcfe  oils  to  meet 
in  a cylindrical  glafs  tube,  and  inverting  the 
order  of  mixture,  I could  not  obferve  the 
appearances  which  indicate  a notable  dif- 
ference of  fpecific  gravity,  although  the  te- 
nacity or  fpiffitude  of  the  oil  laft  diftilled 
was  much  greater  than  that  of  the  firft  lim- 
pid portions,  W'hich  certainly  derive  fome 
part  of  their  fpecific  gravity  from  the  water 
contained  in  them. 

f 

That  the  oily  vapour  and  oil  expelled 
from  acetous  falts  by  fire,  pofiefs  an  ine- 
briating and  fomniferous  quality,  I long 
ago  fufpedted  and  am  now  affured  by  re- 
peated experience : for  whenever  I fmelled 
the  meafures  recently  filled,  and  breathed 
the  air  contaminated  with  them,  for  half  an 
hour  or  more,  I felt  thefe  effedts ; but 
they  foon  ceafed  on  my  retiring  into  the 
frefh  air. 


Gr. 


It  now  appears,  that  the  ace- 
tous calcareous  lalt,  weighing  - 3965. 
And  the  pure  air  - - - 13.188 


Both  amounting  to  - - 3978.188 

Gave  the  following  produdts  : 


Fixable 


[ ] 


t 


Fixable  air  - - . - 

Inflammable  air  - 
Oily  matter  of  the  black  coal 
Ethereal  and  yellow  oil  - 
Water  - - - 

Lime  _ - - 

All  amounting  to 


Grains.  ' 

892.4313 

596.1067 

90. 

733- 

122. 

H38^ 

3871-538 


The  wafle  of  matter  blown  away 
- along  with  the  elaftic  fluids  is 
equal  to  the  difference  between 
the  fum  of  the  charge  and 
that  of  the  products,  and  is  106.65 


The  quantity  of  oil  wafted  in  the  ftate 
of  vapour  out  of  the  recipients  along  with 
the  elaflic  fluids,  was  very  fmall ; but  in  this 
and  all  fuch  experiments,  the  quantity  of 
watery  matter  which  paffes  off  with  them 
is  conflderable ; and  there  is  no  reafon  to 
apprehend  any  important  error  in  our 
flating  the  quantity  lafl;  mentioned  of  106.65 
•gr.  as  water : whbrefore  the  whole  of  the 
water  amounted  to  228.65  Gr. 

And  the,  charge  yielded  of 

fixable  air  and  water  1 121.081 3 

Of  inflam,  air  and  oily  matter  1419.1067 

F It 
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It  will  appear  hereafter  that  the  pure  alr^ 
weighing  13.188  gr,  contributed  to  the  fix- 
able  air  and  water  only,  and  if  we  there- 
fore dedudl  this  quantity  from  1121.0813, 
the  remainder  which  is  1107.8933,  is  the 
quantity  of  fixable  air  and  water ; and 
1419.1067  is  that  of  the  inflammable  air 
and  oily  matter  produced  from  the  whole 
of  the  acetous  acid.  Thus  it  appears  that 
the  acetous  acid  and  water,  of  the  calcareous 
fait,  weighing  2527  Gr. 

Grains. 

Yielded  fixable  air  and  water  i 107.893,3 
Inflamm.  air  and  oily  matter  1419.1067 

And  yielded  in  all  thefe  - 2527. 

As  the  firfl;  portions  of  the  oil  were  found 
mifcible  with  water,  like  ether,  and  water 
was  depofited  in  the  combuflion  of  them, 
and  appeared  in  fome  other  experiments 
made  with  the  view  of  converting  it  into 
inflammable  air,  I am  certain  that  w’ater 
contributed  confiderably  to  the  weight  of 
the  finer  oil,  if  it  be  not  an  ell'ential  ingre- 
dient of  it. 

By  a review  of  this  experiment,  and  thofe 
of  the  Third  and  Fourth  Sedtions,  and  due 

confideration 
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tbnfideratioh  of  the  eftablifhed  principles  of 
chemiftrv,  we  are  enabled  to  make  the  fol- 
lowing  obfervations  and  inferences. 

Firft ; The  acid  in  the  dried  acetous  cal- 
careous fait  retains  much  lefs  water  than  is 
contained  in  dry  acetated  vegetable  alkali  j 
and  this  is  perfectly  confident  with  the 
greater  affinity  of  the  latter  fait  to  water; 
for  bodies  which  contain  much  water,  and 
yet  are  dry  to  the  touch  and  pulverable, 
evidently  hold  it  by  chemical  affinity.  The 
quantity  of  water  producible  from  different 
acetous  compounds,  may  therefore  vary  con- 
liderably>  but  has  no  ftridt  connexion  with 
the  converfion  of  the  mere  acid  into  fixable 
and  inflammable  air. 

Secondly;  The  oily  produd  is  much 
greater  from  acetous  calcareous  fait  than 
from  acetated  vegetable  alkali,  and  the 
quantity  of  inflammable  air  is  much  fmaller. 
This  is  to  be  expedted  from  the  weaker  affi- 
nity of  calcareous  earth  than  of  alkali  to 
oil,  and  from  the  greater  quantity  of  acid 
in  the  calcareous  fait  than  in  the  acetated 
alkali. 

Fa  . 
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f 

In  the  firfl  efforts  of  the  fire  to  decompofe 
or  tranfmute  the  acetous  acid,  the  fixable 
air  fiift  formed  in  contadt  with  the  lime, 
adheres  to  it,  and  makes  mild  calcareous 
earth  or  whiting,  which  having  a very  weak 
affinity  with  the  phlogiflic  or  oily  part  of 
acetous  acid,  makes  little  or  no  refiftance  to 
its  immediate  efcape : wherefore  this  oily 
part,  having  nothing  capable  of  detaining  it 
longer  in  order  to  fubjedl  it  to  the  degree 
of  heat  in  which  it  is  convertible  into  in- 
flammable air,  paffes  off  by  moderate  heat 
in  its  proper  condition,  as  faft  as  the  part  of 
acetous  acid  which  forms  fixable  air  is  fe- 
parated  from  it. 

In  the  mean  time,  as  much  of  this  latter 
part  as  the  calcareous  earth  cannot  retain  in 
the  degree  of  heat  which  it  fuflains,  pafles 
off'  in  form  of  elaflic  fixable  air,  and  mixed 
with  that  part  of  the  matter  of  acetous  acid, 
which  having  been  duly  heated  before  its 
efcape,  forms  inflammable  air. 

The  fmallnefs  of  the  quantity  of  inflam- 
mable air  from  the  acid  of  acetous  calcareous 

fait. 
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fait,  comparatively  with  that  which  is  pro- 
ducible from  an  equal  quantity  of  the  fame 
acid  detained  by  fix.  veg.  alkali,  is  a ne- 
ceflary  confequence  of  the  greater  quantity 
of  oil,  and  {hews  that  the  inflammable  air 
is  furniflied  from  the  principles  of  the  oil, 
and  that  the  quantity  of  it  is  greater  or  lefs 
as  the  heat  is,  to  which  thefe  principles  are 
fubjeded  before  they  efcape  from  the  bafis 
of  the  acetous  fait  j all  which  is  conformable 
to  the  refult  of  thofe  experiments  in  which 
inflammable  air  is  made  by  heat  alone  from 
the  oily  produdb  of  every  acetous  fait. 

Thirdly ; The  firfl:  efFedl  of  encreafing 
heat,  towards  the  converfion  of  acetous  acid 
into  other  forms,  is  to  turn  a certain  part 
into  fixable  air,  which  having  no  charadler 
of  a phlogiftic  body,  but  all  thofe  of  an 
acid,  fliew’s  that  the  part  of  the  acid,  which 
is  turned  Into  fixable  air,  confifts  more  of 
the  acid  than  of  the  phlogiftic  matter.  But 
as  the  remainder  of  the  acetous  acid,  when 
deprived  of  a great  quantity  of  the  acid 
principle,  forms  oil  and  inflammable  air;  as 
the  quantity  of  oil  is  greatcfl:  when  it  is 

F 3 lead: 
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leaft  heated,  and  leaft  when  mod  heated, 
or  in  the  greated  expenditure  of  it  in  the 
formation  of  inflammable  air ; we  may 
without  hefltation  repeat  the  inductions  of 
the  former  SeClions,  with.,  this  addition  j 
that  whild  a part  of  the  acetous  acid  is  by 
the  acceflion  of  fire  formed  into  fixable  air, 
the  remainder,  depofiting  the  greater  part 
of  the  water  proper  to  concentrated  acetous 
acid  or  its  falts,  is  difpofed  to  form  oil ; 
that  the  oleaginous  matter,  when  fuffl- 
ciently  charged  with  fire,  depofites  its  water, 
and  forms  inflammable  airj  but  in  as  much 
as  it  is  forcibly  attraCled  by  a fixed  bafis,  it 
contributes  to  the  formation  of  coal. 

Fourthly ; In  the  comparifon  of  thefe 
experiments  we  obferve,  that  the  quantity 
of  fixable  air  produced  from  acetous  acid  is 
lefs  as  that  of  the  oil  is  greater  j and  from 
this  alone  we  might  expeCl  that  the  oil, 
however  different  from  acetous  acid,  contains 
a great  part  of  the  fame  acid  principle  which 
contributes  to  the  formation  of  fixable  air. 

That  this  is  at  once  a true  inference  and 
jud  expofition  of  the  phenomenon,  will  ap- 

peap 
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pear  in  fublequent  experiments;  and  here 
I fhall  only  obferve  that,  in  diftillation,  we 
obtain  fixable  air  from  this  oil  in  proportion 
to  the  quantity  of  pure  air  admitted  to  it, 
and  the  degree  of  heat  to  which  we  expofe 
it ; but  when  the  oil,  without  being  ex- 
pofed  much  to  air,  is  duly  heated,  it  becomes 
inflammable  air,  of  which  the  acid  prin- 
ciple is  a confiituent  part.  The  quantity 
of  fixable  air,  in  this  cafe,  is  inconfiderable; 
the  quantity  of  water  is  greateft  from  the 
firfl:  or  colourlefs  oil,  and  leafl;  from  the  lafl: 
portions  diftilled ; and  the  refidue  is  fo 
fmall,  that  we  may  fay,  the  oil  is  wholly 
convertible  into  inflammable  air,  the  water 
and  fixable  air  being  variable  and  ineflbntial 
ingredients,  which  in  my  prefent  ufe  of  thefe 
experiments  merit  no  particular  attention. 

To  transform  this  or  anv  other  eflential 
oil  into  inflammable  air,  infiead  of  an  iron 
tube  which  from  its  own  fubfliance  yields 
inflammable  air,  I ufe  a glafs  tube  her- 
metically clofed  at  one  end,  flrongly  coated 
with  clay,  and  fitted  at  the  mouth,  by  grind- 
ing, to  a fmaller  bent  tube,  which  forming 
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an  angle  with  the  large  one,  may  eafily 
tranfmit  the  produdl  of  the  oil,  through 
water,  into  the  meafuring  vefTels.  In  in- 
troducing the  oil,  I take  care  that  it  fhall 
touch  no  part  of  the  tube,  except  that  which 
it  fills  to  the  heighth  of  one  or  two  inches ; 
and  then  I pour  in  a mixture  of  fine  white 
fand  and  flint  powder,  in  fufficient  quantity 
to  imbibe  the  oil.  Placing  a column  of 
fand  over  this  charge,  to  the  length  of  i8 
inches  or  more,  I thrufl:  the  charged  end 
into  the  fand*bed  of  a reverberatory  furnace; 
inclining  the  tube  fo,  that  the  fealed  end 
fiiall  be  nine  inches  under  the  fand,  the  up- 
per part  of  the  charge  about  three,  and  that 
the  greater  part  of  the  column  of  fand  in 
the  tube  fhall  emerge  and  be  fully  expofed 
to  the  adlion  of  the  fire.  In  this  way,  the 
column  of  fand  is  made  red-hot  before  the 
charge  is  heated,  and  when  the  fire  pene- 
trates the  fand-bed,  or  the  tube  is  drawn 
forward,  the  oil  which  expands  fiowly  frorn 
the  flint  powder,  is  forced  to  pafs  through 
the  winding  interftices  of  the  reddened  co- 
lumn of  fand,  and  iflhes  through  the  bent 
tube  in  the  form  of  inflammable  air,  carry- 
ing 
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ing  oily  vapour,  of  which  the  quantity  is 
inconfiderable  when  the  operation  is  well 
performed. 

The  oils  which  yield  a greater  quantity 
of  fixable  air  than  can  be  imputed  to  what 
they  have  imbibed,  or  that  which  the  air 
admitted  can  contribute  to  form,  afford  no- 
thing contradictory  to  the  foregoing  ex- 
pofition  ; for  I do  not  affert  that  oil  may  not 
combine  with  the  principles  of  fixable  air, 
in  confiderable  quantity.  On  the  contrary, 
I have  formerly  remarked  that  concentrated 
acetous  acid  unites  with  the  oil  of  acetous 
falts,  and  I have  no  doubt  that  it  may  unite 
with  others,  But  when  any  oil  yields  fix- 
able  air  abundantly,  along  with  the  inflam- 
mable, I conclude  that,  like  acetous  acid, 
it  contained  the  gravitating  principles  of 
fixable  air,  and  not  fixable  air  already  form- 
ed ; for  fo  innumerable  vegetable  fubftances 
contain  them ; fo  mixtures  of  pure  air  and 
this  inflammable  air  contain  them,  but  not 
fixable  air,  until  they  are  deflagrated. 

Fifthly  ; Since  nothing  befides  fire  is  ne* 
^effary  to  the  converfion  of  the  driefl;  oil 
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producible  from  acetous  acid,  into  inflam- 
mable air,  and  fixable  air  in  fmall  and  va- 
riable quantity;  fince  nothing  elfe  is  adiive 
in  caufing  thofe  parts  of  matter,  which  in 
the  oil  were  coherent  and  united,  to  repel 
each  other  and  form  an  elaflic  fluid ; and 
fince  from  the  fame  oil  by  the  fame  fire  we 
produce  new  compounds,  viz.  fixable  air  and 
inflammable  air,  between  the  diflamilar  parts 
of  which  there  is  alfo  repulfion  ; we  muft 
in  conformity  to  the  general  and  befl:  eftab- 
liilied  principles  of  chemical  union,  conclude 
that  fire  combines  with  fome  principles  of 
the  oil,  with  which  it  forms  molecules, 
which  repel  each  other  by  virtue  of  that 
'fire,  and  conflitute  fixable  air ; that  it  alfo 
combines  with  the  phlogiflic  part  of  the  oil 
afibciated  with  a portion  of  the  acid  prin- 
ciple, and  in  this  combination  forms  in- 
flammable air,  whofe  molecules  repel  thofe 
of  fixable  air  by  the  agency  of  fire  only. 

Sixthly ; From  the  experiment  in  which 
a folution  of  calcareous  acetous  fait,  poured 
on  frefli  lime,  is  firfl:  dried,  and  then  re- 
duced to  a black  fubflancc,  fimilar  to  the 
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refidue  left  in  the  diftillation  of  this  fait,  \vc 
perceive  that  the  matter  of  fire  which  quick- 
lime holds  in  combination,  and  which  it 
emits  on  the  affufion  of  water,  but  without 
exciting  illumination,  effedis  the  tranfmu- 
tation  of  acetous  acid  in  the  fame  manner  as 
fire  ifluing  luminous  from  burning  fuel ; and 
therefore,  that  it  is  the  mere  matter  of  fire, 
and  not  a particular  motion  or  modification 
of  it,  that  produces  thefe  changes  in  the 
acetous  acid. 

Seventhly  j The  accenfion  of  the  oil  pro- 
duced from  acetous  acid,  by  the  fiame  of  a 
candle  approached  within  five  or  fix  inches 
of  it,  or  indeed  by  a flame  two  or  three  feet 
diftant  from  it  in  deep  vefTels,  although  it 
be  a phenomenon  common  to  many  oils  and 
ethers,  is  not  to  be  difregarded. 

Of  thefe  the  charaderiflic  and  rarefl:  oily 
matter  owes  Its  palpable  form  as  much  to 
the  prelTure  of  the  atmofphere,  as  to  the  atr- 
tradion  of  the  molecules  of  fuch  oil  to  each 
other : for  when  that  preflure  is  averted, 
ethers  and  the  finer  oils  expand,  by  a great 

part 
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part  or  the  whole  of  their  matter,  into  the 
form  of  an  aerial  fluid.  During  this  expan- 
flon  cold  is  produced  ; that  is  to  fay,  they 
imbibe  and  flx  the  uncombined  fire  of  the 
fpace  through  which  they  expand,  and  of 
the  contiguous  bodies.  Thus  it  appears, 
that  thefe  oily  bodies  attra(£t  fire  j that  in 
their  aerial  or  vaporous  form,  they  can  fix 
more  of  it  than  in  their  denfe  flate  ; and 
that  the  powers  which  limit  their  union 
with  fire  in  their  ordinary  condition,  are  the 
attraction  of  aggregation,  and  the  concurrent 
prelTure  of  the  atmofphere.  All  which  is 
exemplified  in  the  rapid  cmiflion  of  fixable 
air,  or  nitrous  air,  or  marine  acid,  or  vola- 
tile alkali,  from  water  charged  with  either 
of  thefe,  fo  foon  as  we  remove  a part  of  the 
prefTure  of  the  incurnbent  atmofpheric  air. 


5 E C T, 


[ 77  ] 


SECT.  VI. 


Experiments  to  determine  'whether  the  appa- 
rent con'verjion  of  Acetous  Acid  is  not 
owing  to  the  Abfradiion  of  fome  Principle 


of  it t as  well  as  to  the  Accefjion  of  Fire. 


L L bodies  that  contain  the  acid  and 


JljL  phlogiftic  principles  of  acetous  acid, 
attract  air,  and  by  air  duly  adminiftered, 
may  be  made  to  furnilli  falts  polTeffing  the 
acid  charadter,  but  differing  from  each 
other  according  to  the  proportions  in  which 
thefe  principles  are  held,  and  the  bafis  that 
holds  them  in  combination.  Hence  the  fac- 
charine  and  other  new  vegetable  acids,  which 
fo  far  as  they  confifl;  of  the  foregoing  princi- 
ples, are  convertible  by  fire  into  fixable  and 
inflammable  air,  leaving  a fmall  refidue  of 
the  fixed  matter  peculiar  to  each  of  them. 

This  is  our  inference  from  the  proceffes 
for  making  the  new  acids,  and  from  all 
the  experiments  for  decompofing  vegetable 
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fubftances  by  fire,  from  the  time  of  thd 
learned  Dr.  Hales'  to  the  lateft  efforts  of  the 
affiduous  and  ingenious  Fontana. 

But  fince  the  works  of  fo  many  able  phi- 
lofophers  tend  to  imprefs  the  notion,  that 
the  produds  of  fuch  procefles  exifted  al- 
ready formed  in  the  fubjedSj  and  that  they 
are  only  liberated  in  confequence  of  the  ab- 
flradion  of  the  refiduary  fixed  matter;  and 
fince  the  like  reafoning  might  be  thought 
applicable  to  my  experiments,  and  confe- 
quently  to  weaken  the  foregoing  indudions; 
I judged  it  neceffary  to  make  fome  efforts  to 
prove  the  total  converfion  of  the  mere  ace- 
tous acid  by  fire  only,  in  experiments  which 
the  inaccuracies  of  the  foregoing  could  not 
affed. 

I foon  found  that  a great  part  of  what 
was  done  with  this  view,  was  applicable  to 
greater  ufes,  and  I now  think  that,  to  avoid 
repetitions,  it  ought  to  be  referved  for  a 
future  part  of  this  Effay,  as  the  following 
experiments  feem  fully  fufficient  for  our 
prefen t purpofe. 


The 
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The  earthen  retorts  generally  ufed  m 
London,  are  made  of  the  common  crucible 
compofition,  which  conlifts  of  powder  of 
baked  clay,  made  plaftic  with  fat  apyrous 
clay  and  water.  Thefe  are  porous  and 
fpongy  to  a great  degree,  as  may  be  eahly 
feen  by  the  quantity  of  water  which  they 
imbibe,  and  for  this  reafon  alone  the  pro- 
duds  of  acetous  falts  diftilled  in  them,  differ 
in  quantity  from  thofe  which  1 have  de- 
fcribed: 

The  expedition  Xvith  which  operations 
muft  be  conduded  in  my  public  courfes  of 
chemiflry,  often  required  that  red  - hot 
earthen  retorts  fhould  be  cooled  quickly,! 
in  order  to  fhew  the  refiduary  matter  from 
which  elaftic  fluids  were  expelled  j and  on 
thefe  occafions  I obferved,  that  whenever 
an  ounce  or  more  of  water  was  thrown  on 
the  reddened  veffel,  a confiderable  quantity 
of  elaftic  fluid,  mixed  with  condenflble  wa- 
tery vapour,  iffaed  from  it.  When  the 
w’atcr  was  repeatedly  thrown  on,  until  the 
elaftic  fluid  formerly  contained  in  the  retort 
and  its  lengthened  2K*ck  were  expelled,  what 
I followed 
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followed  as  the  proper  aerial  produ(ft  of  the 
water,  or  of  the  matter  propelled  out  of  the 
pores  of  the  retort,  was  always  found  to  he 
intermediate  between  atmofpheric  and  phlo-* 
giflicated  air.  At  firft  I ufed  this  pheno- 
menon to  exemplify  the  porofity  and  imper- 
fedion  of  thefe  retorts,  and  I endeavoured 
to  explain  it  thus.  The  water  is  drawn  by 
capillary  attradion  into  the  pores  at  the 
furface  which  it  firft  touches,  and  as  it 
enters  thefe,  drives  before  it  to  the  eppofite 
or  internal  furface  of  the  veffel,  the  air  which 
had  been  lodged  in  them.  This  air  having 
been  expofed  to  burning  fuel,  or  meeting 
the  fuliginous  matter  which  the  clay  might 
have  imbibed,  is  necelTarily  more  phlogiftic 
than  that  of  the  atmofphere ; and  as  the 
part  of  the  water,  which  is  fird  and  mod: 
deeply  imbibed,  is  fooneft  and  mod:  heated, 
its  vapour  is  determined  to  expand  into  the 
'vedel,  by  the  power  which  propelled  the 
air  in  the  fame  courfe : to  account  for  the 
quantity  of  air,  I had  recourfe  to  the  ob- 
fervations  mentioned  in  my  Eday  on  Calca- 
reous Cemeats,  page  i6. 


To 


To  this  evident  permeability  of  the  com- 
mon retorts,  1 attributed  the  wafte  of  water 
and  other  produds  which  always  occurred 
in  diftilling  acetous  falts  in  them,  but  I 
could  not  fo  eafily  account  for  another  phe^- 
nomenon  which  conftantly  attended  this 
wafte,  namely,  the  extraordinary  quantity 
of  phlogifticated  air,  and  the  increafcd  pro- 
portion of  the  fixable  air,  relatively  to  the 
quantity  of  the  inflammable. 

My  conjedures  on  this  fubjed  need  not 
be  now  related,  fince  Dr.  Prieftley’s  experi- 
ments, communicated  to  the  Royal  Society 
in  1783,  relating  to  the  air  produced  when 
porous  retorts  containing  water  are  thus  ex- 
pofed  to  heat,  ferve  fully  to  explain  thefe 
appearances.  I was  however  fully  con- 
vinced, that  the  retorts  above  defcribed 
were  utterly  unfit  for  my  chief  purpofe  in 
thefe  experiments,  and  I had  recourfe  to 
ihofe  of  a more  compad  kind,  with  which 
I was  favoured  by  my  mofl:  refpedable 
neighbour,  the  ingenious  Mr.  Wedgwood. 


G 
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With  thefe  retorts,  which  I wetted  ort 
the  outfide  with  a ftrong  folution  of  borax, 
1 found  the  acetous  faks  could  be  diftilledy 
with  very  little  variation  of  the  products,  in 
fixable  and  inflammable  air  efpecially,  from 
thofe  of  the  diflillatio/is  in  glafs  velTels ; and 
the  refidu^ry  matter  did  not  fenflbly  differ 
from  what  was  left  in  the  glafs  retorts^ 
when  the  degree  and  duration  of  the  heat 
was  not  greater  than  they  had  fuftalned. 

Having  diflilkd  acetated  vegetable  alkali- 
in  one  of  thefe  compa<ft  retorts,  to  the  point 
at  which  the  emiffion  of  elaftie  fluids  had 
formerly  ceafed,  and  at  which  the  refiduary 
mafs  was  known  to  conflfl:  of  vegetable  al  - 
kali, fixable  air,,  and  alkaline  tinder,  in  the 
proportions  already  defcribed;  in  order  to 
learn  what  this  w'ould  yield  by  mere  igni- 
tion, I augmented  the  fire  gradually;  the 
effedf  of  which  was  to  expel  the  fixable  air 

of  the  alkali,  mixed  with-  inflammable  air  of 

\ 

the  fame  fpecies  with  the  former,  but  of  a 
lighter  kind.  The  quantity  of  fixable  air 
was  never  lefs  than  -d.  of  all  that  I had  for- 
merly obtained  in  the  faturation  of  the  like 
I alkaline 
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alkaline  coal  with  marine  acid ; and  the  in- 
flammable air  bore  the  like,  or  rather  a 
greater  proportion  to  the  phiogiftic  matter 
which  was  found  to  refide  in  the  alkaline 
tinder.  - rv^  - - - 

When  the  emiffiort  became  very  flow, 
although  the  furnace  was  hot  enough  to 
melt  cafl:  iron,  I withdrew  the  fire  j and  ia 
the  cooled  retort  1 found  a folid  mafs,  taft- 
ing  alkaline  and  cauftic,  of  a reddifli  brown 
colour,  and  opaque  j and  the  retort  was 
manifeflly  corroded.  The  alkali  had  preyed 
upon  the  filiceous  matter,  and  both  thefe 
on  the  argillaceous  and  magnefian  of  the 
veflel  j and  I make  no  doybt  that  if  it  had 
diflblved  more  of  the  fubftane'e  of  the  re- 
tort, it  would  have  emitted  more  of  its 
fixable  air.  This  cauflic  mafs,  compared 
with  flags  made  of  alkali  and  Devonfliire 
clay,  nightly  impregnated  with  charcoal 
powder,  (hewed  clearly  that  its  colour  was 
owing  to  the  fmall  remains  of  the  phlogiftic 
matter  of  the  tinder  above  deferibed  j but 
that  no  fubftance  decidedly  combuflible, 
could  be  feparated  from  it. 

G 2 
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It  would  be  a vain  labour  to  look  for  any 
fuppofititious  fixed  matter  of  the  acetous  acid 
in  thi^  compound  of  alkali  and  earths;  and 
fo  far  as  this  experiment  approximated  the 
intended  purpofe,  it  fiiewed,  that  the  part 
of  the  acetous  acid,  which  in  fome  expe- 
riments remains  fixed  in  the  folid  combufii- 
ble  fubftance,  only  requires  more  heat  to  be 
extricated,  and  to  form  inflammable  air. 

With  the  fame  views  I made  the  more 
fatisfadory  experiment  following. 

\ 

I expelled  the  ufual  produds  from  ace- 
tous calcareous  fait,  heated  in  a Wedgwood 
retort  as  much  as. the  coated  glafs  veflels  had 
formerly  been  ; and  when  the  emiflion  had 
flackened,  or  almofl:  ceafed  for  half  an  hour; 
at  which  time,  I knew  from  former  experi- 
ments, as  well  as  by  dired  menfuration  of 
the  produds,  how  much  calcareous  earth, 
fixable  air,  and  coaly  matter,  was  contained 
in  the  retort ; I encreafed  the  heat  as  in  the 
lafl;  experiment.  When  no  more  elaflic 
fluid  could  be  expelled,  I removed  the  re- 
tort out  of  the  furnace,  to  prevent  as  much 
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as  poflible  the  vitrification  of  the  calcareous 
earth. 

The  quantity  of  fixable  air  thus  obtained 
by  the  fecond  or  flrong  heat,  was  nearly  the 
fame  as  was  formerly  expelled  in  the  folu- 
tion  of  the  black  refidue  of  acet.  calc,  fait 
diffilled  in  a glafs  retort ; and  allowing  for 
the  rarity  of  the  inflammable  air  which 
iflued  along  with  the  fixable,  I found  its 
w’eight  to  correfpond  fo  nearly  with  that  of 
the  matter  expelled  in  the  calcination  of  the 
coaly  fubftance  which  was  feparated  from 
the  black  refidue  of  acet.  calc,  fait,  by  the 
folution  of  the  mere  calcareous  part  in  ma^ 
rine  acid,  that  I entertained  no  doubt  of  the 
total  converfion  of  that  matter  which  with 
calcareous  earth  makes  the  coal,  into  in- 
flammable air. 

On  opening  the  retort,  I found  a part  of 
the  calcareous  refidue  vitrified,  as  indeed  I 
expeded,  where  it  touched  the  clay  of  the 
retort ; but  the  upper  and  central  parts,  to 
which  the  vitrification  did  not  extend,  con- 
fifled  of  fpongy  friable  calcareous  earth, 

G 3 preferving 
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preferving  the  figure  of  the  pellets  ufed  in 
the  charge,  and  rather  grey  and  yellow  than 
white.  It  was  foluble  without  effervefcence, 
excited  heat,  and  flaked  on  the  afFufion  of 
w'ater,  and  poirelTed  every  charader  of  pure 
lime,  except  its  perfed  whitenefs ; but  this 
the  befl;  limeftone  never  acquires,  when  it 
is  reduced  to  lime  in  clofe  velTels,  for  with- 
out the  aid  of  air,  the  phlogiftic  matter 
cannot  be  totally  expelled,  or  to  fpeak  in 
terms  lefs  exceptionable  to  fome  philofo- 
phers,  the  white  colour  cannot  be  attained. 

Here  I refted  in  full  perfuafion  that  the 
converfion  of  the  acetous  acid  does  not  de- 
pend on  the  abflradion  of  fixed  parts,  or 
the  mere  expul fion  of  the  volatile  from 
them  j but  that  it  is  efibded  by  the  acceffion 
of  matter  which  can  be  no  other  than  fire, 
fince  none  other  thus  pervades  glafs  and 
porcelain.  And  now  I imagine  the  reader 
perceives  more  diflindly,  that  the  fixable  air 
is  formed  from  acetous  acid,  fo  far  as  the 
gravitating  principles  of  this  air,  in  com- 
bining with  fire,  lofe  their  former  con- 
nexion with  the  other  parts  of  acetous  acid  ; 

that 
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that  the  remainder  of  this  acid,  exclufivc 
of  water,  either  is  converted  into  inflam- 
rnable  air,  as  fall  as  the  fixable  air  is  formed, 
'or  is  totally  convertible  into  inflarnmable  air, 
by  a due  charge  of  fife  ; that  the  water  of 
acetous  acid,  or  its  falts,  is  paffive  in  thefe 
procefles,  or  inefiential  to  the  fixable  or  in- 
flammable airs  ; and  finally,  that  tfie  mere 
acetous  acid  contains  nothing  but  the  gra- 
vitating principles  of  fixable  air  and  denfe 
inflammable  air,  and  requires  nothing  bqt 
fire  tp  form  thefe  elaftic  fluids^  whofe  parts 
repel  each  other  by  reafon  of  the  fire  only ; 
becaufe  previous  to  the  decompofitioq, 
which  is  effected  by  an  acceflion,  and  not  by 
any  lofs  of  matter,  they  attradled  and  were 
coherent.  Jufl  fo,  the  aerial  principle  of 
nitrous  acid  combines  with  fire,  when  a ni- 
trous fait  is  heated  to  rednefs,  and  forms 
the  elaftic  fluid  called  pure  air,  and  eafily 
depofites  the  concomitant  acid,  when  this 
alfo  is  charged  with  fire  and  meets  water^ 

It  may  not  be  improper  on  this  oceafion 
to  obferve,  that  in  diftilling  acetated  calca- 
reous fait  in  a Wedgwood  retort,  and  fuffer- 
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ing  the  whole  produdl  of  condenfed  water 
and  ethereal  oil  to  remain  in  the  recipient, 
until  the  operation  was  finifhed,  they  pre-  ’ 
fented  two  liquors,  perfedly  diftinguifhable, 
in  comparing  the  upper  oily  part  with  the 
loweft  watery  fluid,  but  yet  fo  far  blended 
where  they  met  each  other,  as  to  exhibit  a 
gradation  from  the  oily  to  the  aqueous  con- 
fiftence.  In  pouring  the  whole  info  a fun- 
nel, in  order  to  feparate  them,  they  blended 
together,  and  formed  a femi- tranfparent 
liquor,  from  which  not  tV  of  that  which 
before  appeared  like  oil,  was  afterwards  fe^ 
parable.  This  I attributed  to  the  incapacity 
of  the  mild  calcareous  earth  to  detain  the 
ethereal  oil,  until  by  the  abflradlion  of  wa- 
ter, it  becomes  fatter  or  more  concentrated. 


SECT, 
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SECT.  vir. 

\ 

'Experiments  on  Acetated  Magnejia  fupport- 
. ing  the  foregoing  Inductions  i a?id  Okferva^ 
tions  on  Fuel, 

Concentrated  acetous  acid 

has  very  little  efFecfl  on  magnefia,  un- 
til water  is  added  in  fufficient  quantity  to 
diflolve  the  fait  as  fall:  as  it  is  formed.  When 
mild  magnefia  is  gradually  added  to  the  acid 
moderately  diluted,  to  the  point  of  fatura- 
tion,  the  fglution  has  a gluey  confidence, 
and  retains  a much  greater  quantity  of  fix- 
able  air  than  I have  ever  obferved  to  be  held 
by  any  other  neutral  liquor : it  alfo  retains 
this  air  with  greater  obfiinacy,  and  fuflains 
a boiling  heat  for  fome  hours  before  it  parts 
with  the  whole  of  it. 

In  boiling  it  froths  to  the  heighth  of  a 
foot  or  18  inches,  with  bubbles,  many  of 
them  exceeding  two  inches  in  diameter, 
which  endure  for  many  minutes,  and  by 

their 
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their  touglinefs  and  opacity,  rcfemble  thin 
bladders. 

This  faline  liquor  taftes  like  the  yeaft  of 
Ayeet  ales,  and  in  my  opinion  differs  very 
little  from  it ; for  in  a curfory  analyfis,  I 
find  yeaff;  to  confiff;  of  magnefia,  combined 
with  the  phlogiftic,  acid  and  watery  matter 
of  acetous  acid.  By  evaporation,  this  liquor 
becomes  as  tough  as  melted  glue,  and  then 
dries  to  a femi-tranfparent  horn-like  fub-r 
fiance,  which  adheres  flrongly  to  glafs  or 
porcelain,  and  is  deliquefeent.  All  this 
time  it  exhales  acetous  acid  j and  like  the 
calcareous  fait,  it  is  found,  in  its  dry  ftate, 
to  retain  much  lefs  acetous  acid  than  was 
iieceffary  for  the  folution  of  the  magnefia. 

The  continual  frothing,  and  the  agitation 
which  is  necefiary  during  the  evaporation 
and  exficcation  of  this  acetated  magnefia, 
piuft  promote  the  abforption  of  air,  if  it  is 
difpofed  to  abforb  any  j and  it  is  with  a 
view  to  the  effeds  of  this  air,  and  the  fpon- 
laneous  efcape  of  a certain  part  of  the  acid 
from  this  fait,  that  I notice  thefe  particulars. 

The 
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The  dryacetated  magnefia  thus  prepared, 
and  diftilled  in  the  manner  of  the  calcareous 
fait,  yielded  in  the  fame  circumflances  wa- 
ter, oil,  fixable  and  inflammable  air.  But 
the  quantity  of  fixable  air,  in  diflillation, 
was  greater  relatively  to  the  inflammable  j 
and  much  lefs  fixable  air  remained  in  the 
refiduary  magnefia  than  in  the  black  refidue 
of  the  calcareous  fait.  No  acetous  acid  was 
ever  found  in  the  firfl:  products  of  the  dry 
magnefian  fait ; and  the  matter  left  in  the 
retort,  after  the  emiflion  of  air  had  flack- 
ened  or  ceafed  in  a red  heat,  was  black* 
fpongy  and  friable,  fo  that  it  could  fcarcely 
be  handled,  without  falling  into  powder. 

Vitriolic  acid,  diluted  with  an  equal  or 
any  other  quantity  of  water,  fhewed  no 
adlion  on  this  black  matter  for  30  or  40  fe- 
conds ; but  when  the  folution  became  per- 
ceptible, it  proceeded  and  increafed  rapidly 
with  confiderable  heat.  Only  a fmall  quan- 
tity of  fixable  air,  fuch  as  magnefia  can 
retain  in  a red  heat,  was  emitted  during 
jthe  folution,  and  a light  coaly  matter  arofe 

towards 
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towards  the  furface,  and  remained  undif-  I 
folved  in  the  acid  liquor.  ] 

i 

This  vitriolic  folution  yielded  by  evapo-  ' 
ration  Epfom  fait  only;  and  the  coaly  pow- 
der, which  refiftcd  frefh  vitriolic  acid,  and'' 
was  then  waOied  and  dried,  was  found  to 
vary  in  quantity,  v/ith  the  intenfity  and  du-  ' 
ration  of  the  heat  to  which  it  had  been  ex- 
pofed,  and  was  always  combuftible  and  re- 
ducible to  magnefia,  in  confequence  of  the 
expullion  of  its  phlogiftic  matter.  This 
magnefia  contained  fixable  air  when  the  j 
combuftion  or  calcination  was  flow ; but 
in  the  contrary  circumflances,  it  w'as  mere 
magnefia  indurated  by  the  heat. 

J 

In  diflillations  bv  moderate  heat,  the  i 
black  refidue  refilled  the  adion  of  vitriolic 
acid  for  the  longefl:  time,  where  it  appeared  , 
to  be  befl;  impregnated  and  defended  by  the 
infoluble  coaly  matter;,  but  the  refidues 
which  had  fuftained  greater  heats,  and  ' 
which  diflblved  flowly,  feeme'd  to  refifl;  acids 
by  virtue  of  their  induration  or  aggregation 
3 only. 
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only.  This  laft  is  a well  known  property  of 
magnelia  indurated  by  intenfe  heat. 

In  divers  variations  of  my  experiments  on 
acetated  magnelia,  I obferved  the  following 
particulars. 

The  drieft  fort  yielded  more  of  its  acid  in 
the  form  of  fixable  air,  than  any  fuch  fait 
lefs  dried  and  lefs  expofed  to  air;  and  it 
afforded  the  fmalleft  quantity  of  water  and 
oil.  When  a moift  fait  was  ufed,  the  firlf 
portions  of  water  were  flightly  impregnated 
with  acid,  and  the  apparent  quantity  of  oil 
was  greatly  augmented,  for  the  true  oil 
blended  with  a confiderable  quantity  of  the 
preceding  or  concomitant  water. 

This,  like  the  oils  formerly  defcribed, 
diffufed  itfelf  in  open  air,  and  by  its  va- 
pour catched  fire  from  a lighted  candle 
placed  at  fome  diftance.  For  this,  like 
other  volatile  oils  and  ethers,  owes  its  ag- 
gregation partly  to  the  preffure  of  the  at- 
mofphere,  which  it  efcapes  when  nothing 
intercedes  them,  becaufe  it  freely  pervades 
the  comprcffing  column. 


When 
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When  the  black  coaly  refiduc  of  the  mag- 
nefian  fait  was  urged  with  a very  flrong 
heat,  it  emitted  a little  fixable  air,  mixed 
with  a much  greater  bulk  of  inflamtnable, 
and  loft  proportionably  of  its  weight  and 
blacknefs,  until  it  became  grey,  and  was 
reduced  to  the  quantity,  or  to  lefs  than  that^ 
of  the  mere  magnefia  originally  employed. 
In  the  fiercefi;  heat  it  vitrified  wherever  it 
touched  the  earthen  retort,  and  there  formed 
a glalTy  grey  or  pearl-coloured  flag,  re- 
fembling  that  of  talc. 

When  the  black  magnefian  coal  was 
heated  to  rednefs  in  contadt  with  pure  air^ 
it  entered  into  combuflionj  and  formed 
fixable’air,  of  which  a part  was  retained  in 
the  magnefia,  and  the  remainder  was  eafily 
feparable  from  the  refiduary  pure  air. 

The  quantity  of  fixable  air  expelled  from 
the  magnefian  fait,  relatively  to  that  of  the 
inflammable,  is  greatefl;  in  the  early  periods 
of  the  procefs,  and  gradually  decreafes  to 
the  end;  for  the  magnefia  can  retain  but  a 
fmall  quantity  of  fixable  air  in  a wxak  red 

hear. 
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heat,  but  It  obftinately  retains  the  matter 
which  by  due  ignition  forms  inflammable 
air. 

By  the  niofl:  careful  examinations  of  the 
difi'erent  refidues  of  divers  proceiTes,  I could 
not  difcover  any  matter  depoflted  by  the 
products  already  defcrlbed  in  the  magnefla, 
except  the  phlogiftic,  which  in  diflillation 
formed  inflammable  air,  and  by  calcination 
in  contadl  with  pure  air,  yielded  fixable  air. 

From  all  this  it  appears,  that  any  quan- 
tity of  acetous  acid  that  magnefia  can  detain, 
until  it  is  fufflciently  charged  with  fire,  un- 
dergoes the  tranfmutation  already  defcribed, 
and  is  totally  converted,  not  by  the  depofition 
of  any  matter  in  the  magnefia,  but  by  the 
acceflaon  of  fire ) and  the  inferences  for- 
merly made,  are  all  fupported  by  thefe 
experiments,  but  need  not  be  repeated 
here. 

It  is  however  expedient  now  to  remark, 
that  the  very  matter  which  in  combination 
with  fire,  or  by  the  mere  adtion  of  fire, 

makes 
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makes  our  inflammable  air,  is  flrongly  at* 
tradted  not  only  by  fixed  alkali  and  lime> 
but  by  magnefla  likewife,  and  with  each  of 
thefe,  forms  a fpecies  of  coal  or  fuel.  It 
is  a fa(fl  likewife  highly  meriting  our  atten- 
tion, that  thefe  moll  foluble  fubflances, 
whofe  appetence  of  acids  is  of  the  ftrongeft 
kind,  become  infoluble  in  their  ordinary 
menftrua,  by  this  union  with  the  matter  of 
our  inflammable  air,  which  they  thus  ap- 
pear to  attract  more  powerfully  than  vitriolic 
acid,  and  which  cannot  be  expelled  from 
them,  except  by  intenfe  heat,  or  the  con-, 
current  action  of  fire  and  atmofpheric  air. 

By  thus  making  artificial  fuel,  fimilar  to 
charcoal  or  coke,  and  equally  infoluble  in 
acids,  although  containing  alkali  or  foluble 
earths,  w'e  are  led  to  the  knowledge  of  the 
conftituent  parts  of  native  fuels.  Thefe  yield 
our  inflammable  air  by  heat,  and  contain 
little  more  than  the  gravitating  matter  of  it, 
which  with  pure  air  yields  abundance  of 
fixable  -air,  in  the  combuflion  of  them. 
Therefore,  if  an  acid  principle  is  neceffary 
to  the  conflitution  of  fixable  air,  it  is  con- 
tained 
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talned  in  this  inflammable  aifj  and  confe- 
quently,  is  united  along  with  the  phlogifton 
in  all  thofe  bodies  W'hich  are  partially  or 
almofl:  totally  convertible  into  this  inflam- 
mable air  by  heat,  or  which  in  Combuftioa 
yield  fixable  air  abundantly.  Thus  char- 
coal will  appear  to  conlifl:  of  phlogifton 
and  the  acid  principle  of  acetous  acid,  toge- 
ther with  a.  fmall  quantity  of  fixed  vegetable 
alkali  and  calcareous  earth ; fince  41-  or 
more  of  common  well  burned  frefh  charcoal 
are  convertible  into  that  inflammable  air : 
and  our  acid  principle  united  with  phlo- 
gifton, requires  very  little,  if  any  other 
matter,  in  order  to  form  a body  highly 
combuftible  where  fire  and  air  adt  on  it  5 
but  otherwife  durable,  refifting  acids,  and 
' confiderably  fixed  in  clofe  veflelsj  yet  una- 
ble even  in  this  circumftance  to  maintain 
;its  aggregation  againft  the  utmoft  force  of 
. fire.  • 


H 
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SECT.  VIII.  ^ 

■ . \ 

i 

j 

Phenomena  of  Acetous  Acid  in  Mixtures  with  | 
the  Vitriolic y and  Ohfervations  generalizing  j 
the  foregoing  InduBions, 

WHEN  acetated  vegetable  alkali  is 
decompofed  by  vitriolic  acid,  pre- 
vioufly  diluted  with  an  equal  quantity  of 

■ s , , 

water,  and  cooled,  there  is  very  little  heat^  j 
or  intumefcence  during  the  mixture  ; and  if 
the  acetous  fait  employed  for  this  purpofe  is  . 
neutral,  no  fixable  or  inflammable  air  ap- 
pears, and  little  or  nothing  iffues,  until  the 
charge  is  heated.  In  diflillation,  the  firfl 
portion  of  acetous  acid  is  ftrong,  but  the 
fucceeding  are  weaker,  in  regular  gradation, 
until  the  acid  arifes,  diluted  with  fo  much 
water  as  fcarcely  to  be  equal  to  diflilled  vi- 
negar. The  refiduary  mafs  is  vitriolated 
Tartar,  and  neither  this  nor  the  fides  of  the 
retort  contiguous  to  it,  fliew  any  blacknefs 
or  figns  of  phlogiftic  matter. 


/ 


When 
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When  the  acetated  fait  is  decompofed  by 
the  mod;  concentrated  vit.  acid,  and  due  care 
is  taken,  in  the  manner  formerly  deferibed, 
that  the  heat  excited  during  the  mixture 
fliall  not  exceed  loo  degrees;  the  acid 
arifes  highly  concentrated  at  firft,  but  weaker 
afterwards,  and  the  refiduary  vitriolated 
Tartar  appears  clean  and  white. 

But  when  highly  concentrated  vitriolic 
acid  and  the  dried;  acetated  vegetable  alkali 
in  powder,  are  mixed  in  large  quantity,  and 
equal  weight,  as  quickly  as  is  podible,  in 
earthen  ware,  a quantity  of  fixable  and  in- 
flammable  air  is  immediately  difeharged 
along  with  the  acetous  produd,  and  is 
always  proportionate  to  the  heat  excited  in 
the  mixture  ; the  produce  in  acetous  acid 
is  at  the  fame  time  lefTened,  and  is  fuc- 
ceeded  by  volatile  vitriolic  acid  in  conlider- 
able  quantity.  If  the  fire  be  withdrawn 
when  this  volatile  acid  arifes  in  thick  white 
fumes,  the  redduary  vitriolated  Tartar  with 
excefs  of  vitriolic  acid  is  found  blackened 
with  coaly  or  oleaginous  matter,  and  the 
fides  of  the  retort  fhew  an  oily  (lain. 

H 2 
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In  divers  experiments  of  this  kind,  the 
acetous  acid  was  expofed  to  the  action  of 
difengaged  vitriolic  acid,  and  of  the  fame 
diluted  with  water,  and  never  appeared  to 
fuftain  any  change  from  the  mere  adion  of 
that  powerful  mineral  acid.  But  when 
great  heat  was  excited,  and  this  fire  co- 
operated, a part  of  the  acetous  acid  was 
transformed  into  fixable  and  inflammable 
air,  as  it  would  have  been  by  fire  any  other 
way  adminiftered,  whether  the  vitriolic  acid 
was  ufed  in  excefs,  or  only  in  the  quantity 
neceflary  for  faturating  the  alkali  of  the 
acetous  fait-;  and  at  the  fame  time  a portion 
of  oily  matter  was  detained  in  the  vitriolated 
Tartar,  or  phlogiflicated  the  difengaged 
part  of  its  acid,  as  any  other  oil  or  as  char- 
“coal  would  do.  From  all  which  I inferred 
that  phlogifton  is  attradled  more  forcibly  by 
the  acid  principle  of  acetous  acid  than  by 
the  vitriolic  acid  in  its  ordinary  form;  that 
this  converfion  of  acetous  acid,  in  the  pre- 
fence of  the  vitriolic,  is  effedted,  not  by 
this  lafl,  but  by  the  fire  emitted  during  the 
union  of  vitriolic  acid  with  the  vegetable 
alkali ; and  that  in  confequence  of  the  fe- 
1 paration 
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paratlon  of  the  matter  expended  in  the 
formation  of  fixable  air,  the  refiduary  more 
phlogifticated  matter  of  the  acetous  acid, 
forms  inflammable  air,  fo  far  as  it  meets 
a due  quantity  of  fire,  but  otherwife  pre- 
ferves  the  oily  form.  A portion  of  this  oil 
follows  and  blends  with  the  acetous  acid 
which  efcapes  the  decompofition,  and  the 
remainder  detained  in  the  refiduary  vitriolic 
mafs,  forms  a coaly  fubflance,  as  it  does 
with  divers  other  bodies,  or  meeting  difen- 
gaged  vitriolic  acid,  gives  the  fame  products 
as  are  always  obferved  in  the  diftillation  of 
this  acid  with  oils  or  charcoal,  or  any  vege- 
table or  other  fubflance  which  yields  fix- 
able  air  in  combuflion,  and  thus  appears  to 
contain  the  acid  as  well  as  the  phlogiflic 
principle  of  acetous  acid,  ' 

To  try  the  validity  of  thefe  indudlions, 
and  the  truth  of  my  interpretation  of  the 
phenomena,  I made  the  following  experi- 
ments. 

With  1 6 ounces  of  the  oil  of  vitriol  of 
the  manufadurers,  I mixed  the  fame  quan- 
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tity  of  concentrated  acetous  acid,  whofe 
fpecific  gravity  (liewed  that  it  contained  an 
ounce  of  water  beyond  the  quantity  which 
the  ftrpngefl;  acetous  acid  ufually  holds. 

The  heat  excited  was  about  200  degrees, 
and  the  mixture  in  a few  hours  acquired  a 
pale  ftraw  colour.  The  firlf  10  ounces  of 
acetous  acid  diftilled  from  it  did  not  differ 
in  any  thing  remarkable  from  concentrated 
acetous  acid,  and  the  refidue  was  tranfpa- 
rent,  but  aniber-rcoloured.  Along  with  the 
eleventh  ounce,  volatile  fulphureous  acid 
iffued,  mixed  with  a very  fmall  quantity  of 
inflammable  air,  and  phlogifticated  air;  but 
as  the  quantity  of  this  lafl;  decreafed  very 
quickly,  it  was  confidered  as  the  atmof- 
pheric  air  included  in  the  veffels  at  the 
commencement  of  the  operation,  the  pure 
air  of  which  was  expended  on  the  charge, 
or  in  the  fulphureous  acid  which  imbibes 
pure  air  in  the  prefence  of  water.  Now 
the  liquor  in  the  retort  became  reddiih 
brown  and  opaque,  and  during  the  diftil- 
lation  of  another  ounce,  which  was  received 
apart,  the  elaftic  fluids  iffued  more  copioufly. 

Thefe 
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Thefe  confifted  of  volatile  vitriolic  acid, 
mixed  with  about  4 part  in  bulk  of  fixable 
air,  and  a quantity  fcarcely  worth  notice  of 
inflammable  air.  The  weight  of  the  elafiic 
fluids,  acid,  water  and  refiduary  matter, 
was  very  little  lefs  than  that  of  the  materials 
of  the  charge  and  the  pure  part  of  the  air  of 
the  veflels,  and  I had  no  reafon  to  doubt 
that  the  fmall  deficiency  was  owing  to  the 
watery  vapour  which  was  blown  away  along 
with  the  elaftic  fluids.  Rejedling  the  lafl: 
ounce  of  diftilled  acid,  becaufe  it  was  chiefly 
water,  I faved  the  preceding  1 1 ounces  for 
future  ufe, 

The  refiduary  acid  In  the  retort  was  now 
of  a dark  red  colour,  by  tranfmitted  light, 
where  it  was  made  to  fpread  thinly  on  the 
fides  of  the  veflel ; but  the  whole  mafs  by 
refledted  light  looked  black,  and  perfedtly 
opaque. 

I mixed  the  foregoing  1 1 ounces  of  ace- 
tous acid  with  1 1 of  oil  of  vitriol,  by  which 
heat  was  excited  as  before,  to  about  200  de- 
grees. In  diflilling  nine  ounces  of  colour- 
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lefs  acetous  acid  from  the  mixture,  I ob- 
tained the  fame  products  and  noticed  the 
fame  phenomena  as  appeared  in  the  former 
procefs.  Referving  this  acid,  I proceeded 
until  another  ounce,  ccnfifting  of  weak  ace- 
tous acid,  impregnated  with  volatile  vitri- 

t 

olic,  was  collected,  and  in  the  mean  time, 

\ 

the  quantity  of  elallic  fulphureous  acid  and 
fixable  air,  mixed  with  a little  inflam- 
mable air,  was  encreafed.  The  bulk  of  the 
fixable  air  was  about  4 of  that  of  the  volatile 
vitriolic  acid  as  formerly.  I then  withdrew 
the  retort  from  the  hot  fand,  and  found  the 
acid  in  it  to  have  all  the  appearances  already 
defcribed.  The  weight  of  this  and  of  the 
foregoing  produdls  was  almofl  equal  to  that 
©f  the  acids  employed;  the  deficiency  not 
exceeding  what  ought  to  be  allowed  for  the 
watery  vapour  blown  away  along  wdth  the 
elaflic  fluids. 

The  nine  ounces  of  acetous  acid  lafl;  men- 
tioned being  diftilled  again  with  the  fame 
quantity  of' the  mofl;  concentrated  vitriolic 
acid,  prefented  the  fame  phenomena,  with 
this  difference  only,  that  fixable  air  and 

' volatile 
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volatile  fulphureous  acid  and  inflammable 
air  were  produced  in  greater  proportion, 
relatively  to  the  acetous  acid : and  as  the 
acetous  produd  .was  next  diftilled  with  a 
double  quantity  of  concentrated  vitriolic  acid 
to  the  iame  efFedl,  except  that  the  quantity 
of  elaftic  fluids  ’ was  augmented,  I ceafed 
when  the  acetous  acid  was  reduced  to  three 
ounces,  in  order  to  examine  it ; being  aU 
ready  convinced  that  the  whole  of  acetous 
acid  by  this  treatment  may  be  reduced  to 
the  forms  of  fixable  and  inflammable  air, 
and  oil  capable  of  affedting  the  vitriolic 
acid  like  other  oils  and  combijftible  fub^. 
(lances, 

Thefc  three  ounces  of  acetous  acid,  com-^ 
bined  with  fixed  vegetable  alkali,  made  a 
fine  white  foliated  fait,  as  purified  acetous 
acid  would  do.  And  this  fait  in  diflillation 
yielded  water,  oil,  fixable  air,  inflammable 
air,  and  a black  coaly  refidue  in  the  pro» 
portions  formerly  deferibed  in  the  diflillation 
of  acetated  vegetable  alkali ; and  the  coaly 
alkaline  refidue  in  like  manner  yielded  fix,- 
able  air,  and  the  black  combuflible  fubflancc 
refcmbling  lamp-black, 
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The  feveral  portions  of  vitriolic  acid, 
which  was  thickened 'and  rendered  opaque 
in  thefe  diftillations,  were  mixed  and  diftil^ 
led,  and  the  condenfible  produdl  was  faved 
in  three  feparate  and  equal  parts.  The  firft 
confifted  of  oil  of  vitriol,  weakened  with 
about  two  ounces  of  water,  and  impreg- 
nated with  fulphureous  acid,  and  during  the 
diflillation  of  this  part,  a great  quantity  of 
volatile  vitriolic  acid,  mixed  with  -rV  of  its 
bulk  of  fixable  air,  was  emitted, 

The  fecond  portion  was  oil  of  vitriol, 
fmelling  of  fulphureous  acid,  but  clear  and 
colourlefs,  and  along  with  this  ifiued  elaftic 
fulphureous  acid,  mixed  with  much  lefs 
fixable  air  than  was  in  the  former  5 the  third 
portion  was  like  the  fecond,  but  was  not 
accompanied  with  fo  much  volatile  ful- 
phureous acid  : and  in  the  retort  -I  found 
fix  ounces  of  a dark  red  opaque  liquor,  of 
the  confiftence  of  treacle,  whilft  hot,  but 
which  concreted  in  cooling  into  a wet  faline 
mafs,  fuch  as  might  be  expedled  from  oil 
of  vitriol,  ftained  by  oil,  and  imbibed  by  a 
fait  irregularly  cryftalized.  I afterwards 

found 
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:found  that  this  was  nothing  more  than  the 
1 vitriolated  Tartar,  Selenite  and  Epfom  fait, 
which  accompany  all  the  oil  of  vitriol  of 
; the  modern  manufactories,  impregnated  with 
I the  oleaginous  matter  of  the  acetous  acid, 
which  every  body  hitherto  tried  appears  to 
I retain,  until  it  is  violently  heated  or  calcined 
in  contact  with  air. 

In  all  this  we  fee  nothing  like  a dephlo- 
giftication  or  decompofition  of  the  acetous 
acid  by  the  vitriolic.  On  the  contrary,  the 
acetous  acid  which  arifes  by  moderate  heat 
from  the  vitriolic,  fufFers  no  change  j but 
that  quantity  of  it  which  can  be  detained  in 
vitriolic  acid,  until  it  fuftains  greater  heat, 
undergoes  the  very  fame  tranfmutation  that 
fire  alone  always  produces,  whatever  the 
fubftance  may  be  that  fixes  the  acetous 
acid. 

We  now  well  know  the  reafon  why  fome 
part  of  the  decompofed  acetous  acid  became 
fixable  air  ; why  in  the  moderate  heat  very 
little  appeared  as  inflammable  air,  and  much 
more  affumcd  the  oily  form ; and  if  the 

queflion, 
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queftion,  implying  fome  fallacy  in  this 
reafoning,  were  propofed,  viz.  why  does 
the  vitriolic  acid  become  phlogiflicated  ? I 
iliould  anfwer  firfl-,  the  vitriolic  acid  be- 
comes volatile  or  phlogiflicated  in  diflillation 
with  any  of  the  fubffances  which  yield  fuch 
inflammable  air  by  heat  as  the  oil  of  acetous 
acid  affords : all  oils  and-  vegetable  fiib- 
flances,  not  excepting  the  drieft,  or  the 
charred  coal  of  them,  have  this  effedt  with 
vitriolic  acid  : in  other  and  more  general 
terms,  all  bodies  that  contain  the  fame 
phlogiftic  and  acid  principles  that  refide  in 
acetous  acid,  render  vitriolic  acid  volatile  in 
diflillation  : and  fecondly,  without  affedtihg 
the  validity  of  this  anfwer,  founded  on 
known  fads,  I fhould  fay  that  in  all  the 
phlogiflications  of  vitriolic  acid  that  I ever 
faw,  pure  air  is  withdrawn  from  it : and  as 
in  the  inflance  before  us,  the  oleaginous 
part  of  the  acetous  acid  forms  fixable  air, 
whilfl  the  vitriolic  acid  becomes  volatile, 
and  pure  air  would  alfo  form  fixable  air  with 
the  fame  oleaginous  matter  thus  heated  ; I 
conclude  that  pure  air  is  more  forcibly  at- 
tracted by  this  lafl  than  by  the  acid  prin- 
ciple 
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ciple  of  ignited  vitriolic  acid,  and  confb- 
quently  that  this  acid,  by  the  fubdudion  of 
thepure  air,  and  the  fubftitution  of  phlogidon 
from  the  oleaginous  matter,  makes  volatile 
fulphureouS  acid.  This  is  fufficient  for  the 
prefent  occafion  ; for  it  would  lead  me  too 
far  from  the  objeds  of  this  Effay,  to  enu- 
merate the  experiments  by  which  I have 
been  induced  to  believe  that  volatile  vitriolic 
acid  confifts  of  the  vitriolic  acid  principle 
combined  with  phlogifton  and  fire,  whilft 
the  ordinary  vitriolic  acid  is  compofcd  of 
the  fame  acid  principle,  pure  air  and  water, 
with  lefs  of  the  matter  of  fire. 

The  phenomena  of  thefe  experiments  on 
mixtures  of  acetous  and  vitriolic  acid,  im- 
prefled  me  with  forne  doubts,  which  I have 
not  introduced  in  the  relation,  becaufe  fuch 
meafures  only  ferve  to  perplex  the  reader, 
in  exhibiting  the  fagacity  of  the  experi- 
menter. To  remove  thefe  fcruples,  and 
look  for  fomething  further,  I varied  the 
experiments  in  the  following  manner. 

I mixed  24  ounces  of  firongefi:  acetous 
acid  with  48  of  my  firongefi:  oil  of  vitriol. 

The 
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The  mixture  became  hot  a$  in  the  formet^ 
experiments,  and  in  a few  hours  had  a light 
ftraw-colour.  In  didilling  13  ounces  of 
clear  colourlefs  acetous  acid  from  it,  the 
quantity  of  elallic  fluid  emitted  was  not 
confiderable  j after  the  thirteenth  ounce,  the 
acid  diflilled  grew  gradually  and  uniformly 
weaker,  and  the  emiilion  of  elaflic  fluids 
cncreafed; 

r' 

1 

The  next  feven  ounces  confifted  of  ace- 
tous acid  and  about  an  equal  quantity  of 
water  confiderably  impregnated  with  vi- 
triolic and  volatile  vitriolic  acidj  and  the 
next  17  ounces  confifled  chiefly  of  vitriolic 
acid  mixed  with  water  and  a little  volatile 
vitriolic  acid  ; and  during  the  diflillation  of 
thefe,  volatile  vitriolic  acid  in  the  elaflic 
form  iffued  in  confiderable  quantity,  mixed 
with  fixable  air  and  a little  inflammable  air. 
The  bulk  of  the  fixable  air  was,  as  for- 
merly, about  4-  of  the  inflammable. 

As  the  acid  lafl  diflilled  at  this  period^ 
was  as  ftrong  as  oil  of  vitriol,  I removed 
the  veffels  from  the  fire;  The  matter  re- 
maining 
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jiiaining  in  the  retort  was  opaque,  and 
the  confiflence  of  fyrup,  when  cold,  and 
looked  black  in  the  mafs  j but  where  it  was 
made  to  fpread  thin  on  the  retort,  it  looked 
femi-tranfparent  and  of  a livid  red  colour. 

Rejeding  the  portions  of  acid  laft  didil- 
led,  becaufe  they  were  diluted  with  the  wa- 
ter which  appertained  formerly  to  the  part 
of  the  acetous  acid  that  was  thus  decom- 
pofed,  and  with  the  water  which  was  form'- 
ed,  as  will  be  fully  lliewn  hereafter,  by  the 
union  of  the  mere  phlogifton  of  acetous 
acid  with  the  pure  air  of  the  vitriolic,  I 
took  the  13  ounces  of  acetous  acid  firfl 
drawn  off,  and  mixing  them  with  the  livid 
vitriolic  refidue  in  the  retort,  proceeded  to 
didillation.  The  heat  excited  during  the 
mixture  was  not,  to  my  feeling,  fo  great  as 
before,  and  very  little  of  any  elaftic  fluid 
iflTued  from  the  charge,  until  about  nine 
ounces  were  diflilled  ; but  in  drawing  off 
the  tenth  ounce,  volatile  vitriolic  acid  ifTiied 
copioufly  and  mixed  with  about  4 of  its 
bulk  of  fixable  air  and  a little  more  in- 
I flammable 
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flammable  air  than  had  appeared  in  former 

experiments. 

The  diflillation  was  continued,  with  the 
fame  phenomena,  until  the  matter  in  the 
retort  was  reduced  to  24  ounces ; and  the 
produ(ft,  collected  after  the  nine  ounces  of 
acetous  acid,  conflflied  of  vitriolic  acid  much 
weakened  with  water,  and  flightly  im-* 

pregnated  with  acetous  and  volatile  vi* 

triolic  acid. 


Now  one  purpofe  of  this  trial  was  ac-  i 
compliflied  j for  acetous  acid,  weighing  13 
ounces,  and  which  had  been  previoufly  ex*  ■ 
pofed  to  the  adlion  of  48  ounces  of  con*  ! 
centrated  vitriolic  acid,  was  as  much  de*  , 
compofed  in  the  mixture  with  the  black* 
ened  refiduary  vitriolic  acid  of  the  former 
diftillation,  as  ever  the  acetous  acid  had 
been  by  an  equal  quantity  of  freih  vitriolic  i 
acid;  and  thus  the  decompoftion  appeared  \ 
to  have  been  effeded  by  fire,  and  not  by  the 
vitriolic  acid,  except  fo  far  as  it  ferved  to  ' 
detain  the  acetous  acid.  The  furplus  of  i 
inflammable  air  v/hich  appeared  above  the  ' 
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quantities  noticed  in  former  diflillations, 
was  owing  to  nothing  more  than  the  inca- 
pacity of  the  blackened  oil  of  vitriol  to  fur- 
nifli  fo  much  atmofpheric  air  as  is  contained 
in  the  pure  and  colourlefs ; for  the  fame 
matter  which  yields  inflammable  air,  always 
affords  fixable  air  when  under  due  ignition 
it  meets  pure  air. 

The  nine  ounces  of  acetous  acid  firfl 
drawn  off  in  the  foregoing  diflillation,  ap- 
peared on  divers  trials  to  be  acetous  acid 
unaltered  in  every  refpedl,  except  that  it 
was  impregnated  with  a little  of  the  vi- 
triolic^  and  contained  more  water  than  is 
proper  to  our  concentrated  acetous  acid : 
for  in  mixture  and  diflillation  with  freOi 
concentrated  oil  of  vitriol,  it  prefented  the 
phenomena  defcribed  in  the  beginning  of 
this  Sedion  ^ and  the  portion  of  it  that  was 
diflilled  unaltered  in  this  procefs,  being 
divided  into  two  parts  j one  of  them  com- 
bined with  calx  of  lead  and  diflilled,  gave 
the  fame  produds  as  are  obtainable  from 
the  like  calx  combined  with  my  pure  ace- 
tous acid ; and  the  other  part,  combined 

I with 
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with  fixed  vegetable  alkali,  made  acetated 
vegetable  alkali,  u'hich  yielded  water,  oil,  • 
fixable  and  inflammable  air,  and  a black 
alkaline  coal,  like  thofe  of  pure  acetated  ] 
vegetable  alkali : and  in  thefe  trials  the  vi-  j 

triolic  impregnation  was  found  to  be  fo  ^ 

fmall  as  fcarcely  to  deferve  any  notice. 

Wifliing  to  know  the  condition  of  the 
matter  that  gave  the  blacknefs  and  fpiffitude 
to  the  vitriolic  acid  remaining  in  the  retort, 
and  which,  as  I have  already  fliewn,  would 
be  expended,  if  the  didillation  were  con- 
tinued, in  the  produdVion  of  volatile  vi-  j 

triolic  acid  and  fixable  air ; 1 diluted  the 

i 

24  ounces  of  this  acid  with  16  of  diftilled  j 
water.  In  fo  doing,  I obferved  the  fame 
hiding,  heat,  and  pungent  vapour  as  occur 
in  mixing  water  with  concentrated  colour- 
lefs  vitriolic  acid.  But  the  diluted  acid  re- 
mained opaque,  and  the  opacity  was  plainly 
owing  to  large  particles  of  black  flacculent  , 
matter,  which  were  difFufed  through  it,  i 
and  were  not  difpofed  to  feparate  by  fubfi- 
dence,  or  by  rifing  to  the  furface : in  order  | 
therefore  to  effcdt  a feparation,  by  making  j 
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the  diluted  aeid  pafa  through  a filter  with- 
out corroding  it,  I added  a quart  more  of 
water. 

The  filtrated  liquor  fiiewed  a pale  yellow 
colour,  and  when  reduced  to  eight  ounces, 
I’ or  lefs,  by  evaporation  in  the  open  air,  be- 
came opaque  and  livid,  as  if  a part  of  the 
oleaginous  matter  had  pafied  along  with  the 
acid  and  water,  through  the  filtering  pa- 
pers : it  alfo  depofited  fome  faline  matter, 
but  this  was  only  what  originally  was  con- 
tained in  the  oil  of  vitriol  employed.  The 
matter  left  on  the  filter  was  like  lamp-black 
-wetted  w'ith  weak  vitriolic  acid,  and  felt 
as  if  it  were  in  a ftate  intermediate  between 
oil  and  coal.  A fmall  portion  of  it  expofed 
to  hcat,.,firfi;  exhaled  water  and  vitriolic 
"acid,  then  became  red,  and  entered  into 
combuftion,  but  without  any  appearance  of 
flame.  By  the  refidue  it  appeared  to  con- 
" tain  fome  falts  of  the  vitriolic  acid  which 
; might  be  walked  away  from  it.  I therefore 
walked  the  mafs  left  on  the  filter  with  a 
quart  of  water,  which  being  ufed  in  fuc- 
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cefTivc  portions,  left  the  blafk  matter  free 
from  vitriolic  acid,  or  at  leaft  infipid. 

« 

The  water  thus  employed  being  evapo- 
rated to  an  ounce,  left  about  half  this  quan- 
tity of  vitriolic  acid,  which  was  blackened 
by  the  oily  matter  that  followed  it  through 
the  filter  confining  of  good  paper  in  four 
folds,  and  in  cooling  depofited  fome  fait  of 
the  fame  kind  with  that  laid  mentioned. 

I had  often  before  obferved,  that  the 
black  refidues  of  acetous  falts  impregnated 
the  water  with  which  they  were  waflied,  fo 
far  that  in  evaporation  the  laid  portions  of 
it  appeared  turbid  and  black  ; and  I attri- 
buted  this  to  the  imperfedlion  of  the  filters;  ^ 
but  in  thefe  lafi;  experiments,  and  others 
which  they  fuggefded  to  me,  I found  that 
the  coaly  matter,  left  in  the  refidue  of  di- 
vers acetous  falts  decompofed  by  hear,  is  ' 
in  a fmall  degree  foluble  in  water,  like  fc- 
lenite  or  lime,  and  Idill  more  when  the  water 
is  acidulated. 


The 
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The  black  coaly  matter  that  reaiained  on 
the  filter  after  the  ablutions  above  men- 
tioned, when  dried  to  the  confidence  of 
foap,  blackened  and  drongly  adhered  to 
every  fubdance  on  which  it  was  rubbed, 
and  neither  alkalies  nor  any  of  the  mineral 
acids  could  efface  the  traces  made  with  it, 
but  aqua  regia  feemed  to  weaken  them.  It 
floated  in  a mixture  of  equal  parts  of  oil  of 
vitriol  and  water,  but'was  not  diffolved  by 
this,  or  nitrous,  or  marine  acid ; aqua  regia 
feemed  to  alter  the  colour  of  it  fuperficially, 
but  did  not  adl  as  a folvent.  Its  weight 
was  three  ounces,  of  which  about  i were 
w^ater,  which  exhaled  in  drying  it  to  J5dwts. 
with  a pleafant  acid  fmell,  towards  the 
conclufion. 

When  it  was  well  dried,  it  refembled 
Indian  ink  in  the  cake,  both  in  the  colour 
and  texture  as  well  as  in  the  traces  made 
with  it.  When  it  was  further  heated,  the 
fmell  was  not  difagreeable  ; it  contraded  to 
i of  its  bulk  before  it  catched  fire ; and 
this  did  not  happen  until  it  was  heated  to 
rednefs  in  the  open  air  : then  it  flamed  in 
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an  inftant,  and  glowed  with  a bright  red 
heat ; but  in  the  next  inflant,  the  flame,  . 
which  was  thin  and  fmall,  difappeared. 
On  withdrawing  it  from  the  fire,  the  red- 
nefs  and  combuftion  fuddenly  ceafed,  as  it 
happens  to  culm  and  other  bodies  which 
require  great  heat  and  ventilation' for  their 
combuflion.  It  took  two  hours  calcination, 
and  ftee  expofure  to  air  by  ‘frequent  agi- 
tation, to  deprive  it  of  the  ccaly  charadlcr, 
and  to  reduce  it  to  a grey  incombuflible 
powder,  v/hich  weighed  48  grains,  and  by 
divers  trials  confifled  of  magnefian  earth. 

From  the  fadls  related  in  this  and  the 
foregoing  Secflions,  it  appears  that  acetous 
acid  is  decompofed  in  vitriolic  acid,  in 
quantity  proportionate  to  the  capacity  of 
the  vitriolic  acid  to  retain  it  until  it  fuflains 
the  heat  which  alone  is  neceflary  for  the 
decompofition  of  acetous  acid.  That  this 
capacity  of  vitriolic  acid  to  retain  the  ace- 
tous is  as  the  relative  quantity  of  the  for- 
mer, and  depends  on  a general  law.  For 
fo  vitriolic  acid  retains  water  in  a degree  of 
heat  rnuch  greater  than  water  alone  can 

abide. 
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fibiile,  under  the  fame  atmolpheric  preflure; 

• fo  all  bodies,  from  v.’hich  any  thing  can  be 
expelled  by  fire,  retain  the  lafl  portions  of 
the  volatile  matter  more  obftinately  than 
the  firff,  and  compel  them  to  fuflain  the 
greater  heat.  It  alfo  appears  that  when  ace- 
tous acid  is  decompofed  by  fire,  in  the 
freed;  expofure  to  vitriolic  acid,  the  matter 
which  is  capable  of  forming  inflammable^ 
air,  and  which  confifts,  as  will  fully  be 
fhewn  in  the  fequel,  of  the  phlogifton 
united  with  fome  of  the  acid  principle  of 
acetous  acid  j unites  with  magnefian  earth 
in  preference  to  the  vitriolic  acid,  and  forms 
with  it  a coaly  mafs,  which  may  in  the 
common  fenfe  of  this  word  be  faid  to  be 
infoluble.  Having  in  former  experiments 
feen  magnefia  containing  only  a little  of  this 
matter,  and  perfectly  foluble,  fave  only  the 
parts  ftrongly  impregnated  with  it ; and 
now  finding  that  one  part  of  mere  magnefia 
can  retain  20,  if  not  any  quantity  of  if,  and 
that  thefubdance  thus  formed  is  of  thefixed, 
rather  than  of  the  very  volatile  kind,  we 
readily  conceive  how  this  fame  matter  forms 
fuch  a variety  as  occurs  in  nature  of  com- 

I 4 buflible 
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buftible  bodies,  according  to  the  kind  and 
quantity  of  other  matter  with  which  it  is 
combined  in  them  ; and  why  all  fuch  bo- 
dies, whether  fpirits,  ethers,  oils,  gums, 
rejfins,  vegetable  extradls  and  falts,  wood, 
charcoal,  mineral  fuel,  coke,  or  fubflances 
referable  to  thefe  heads,  yield  fixable  air  ip 
combuftion,  and  by  due  ignition  in  clofe 
vefiels,  denfe  inflammable  air,  which  like- 
wife  yields  fixable  air  in  combufliion  ; and 
alfo  why  fixable  air  is  always  produced  in 
the  phlogiflication  of  vitriolic  acid  by  the 
oleaginous  part  of  acetous  acid,  or  by  any 
vegetable,  animal  or  mineral  fubflance,  con- 
taining the  acid  and  phlogiflic  principles  of 
acetous  acid,  and  capable  of  yielding  our 
denfe  inflammable  air. 

In  former  experiments,  the  quarrtity  of 
water  that  blended  with  the  oil,  or  was 
wafted  away  with  the  elaflic  fluids  gene- 
rated from  acetous  acid  by  fire,  was  vari- 
able; and  there  was  room  for  doubting 
whether  the  water  proper  to  concentrated 
acetous  acid  or  its  faits,  was  all  depofited 
during  the  converfion  of'  the  mere  acid,  or 

did 
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did  not  contribute  to  the  fixable  and  inflam- 
mable air  : but  in  thefe  experiments  with 
vitriolic  acid,  wherein  the  quantity  of  wa- 
ter left  by  the  decompcfed  acetous  acid 
could  be  meafured  by  the  fpecific  gravity  of 
the  acids  diflilled  compared  wdth  that  of 
thefe  acids  in  the  concentrated  flate  in  which 
they  w'ere  mixed  j I was  fully  perfuaded 
that  the  acetous  acid  depofites  its  water, 
previous  to  the  converfion  into  fixable  and 
inflammable  air,  or  into  that  compound 
which  with  divers  bodies  forms  coal  ; and 
that  water  is  not  a necefi'ary  ingredient  in 
any  one  of  thofe.  But  I do  not  infift  on 
this  fubjedt  at  prefen t,  becaufe  fuch  men- 
furation  would  appear  exceptionable,  not 
only  by  reafon  of  the  errors  to  which  it  is 
liable,  but  becaufe  it  fliews  a quantity  of 
water  which  could  not,  confidently  with 
my  former  experiments,  exld  in  the  con- 
centrated acetous  acid.  The  caufe  of  this 
phenomenon  will  be  confidered  hereafter. 

In  the  lad  mentioned  didillation  of  ace- 
tous from  vitriolic  acid,  I was  amufed  with 
a phenomenon  which  brought  to  my  recol- 
lection 
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ledtion  fome  appearances  of  the  fame  kind 
which  I had  noticed  on  former  occafions. 
When  the  quantity  of  acetous  acid  amount- 
ed to  about  three  ounces,  and  rofe  in  the 
receiver  fo  high  that  the  diftance  between 
its  furface  and  the  nozel  of  the  long  (lender 
neck  of  the  retort,  did  not  exceed  a quarter 
of  an  inch,  and  when  the  drops  fell  at 
the  interval  of  three  or  four  feconds,  each  of 
them,  rebounding  after  the  fall,  and  flill 
preferving  the  globular  form,  rolled  on  the 
acid  liquor  j and  then,  after  floating  in  a 
quiefcent  date,  for  five  or  fix  feconds,  burft 
fuddenly  and  fpread  upon  it.  Some  of  thefe 
globules  in  their  motion  ftruck  the  preceding 
ones,  and  frequently  the  motion  was  com- 
municated without  either  of  them  burding 
for  fome  feconds  after  they  became  quief- 
cent. 

Afterwards,  when  the  acid  in  the  receiver 
rofe,  and  was  not  diftant  from  the  nozel  of 
the  retort  by  more  than  the  diameter  of  a 
large  drop,  the  liquor  which  trickled  down, 
'did  not  difcharge  itfelf  into  the  acid,  either 
in  the  foregoing  manner,  or  in  that  of  a co- 
lumn j 
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Uimn  j but  it  formed  globules  of  fix  times 
the  former  bulk  j each  of  which,  preferving 
its  proper  form,  funk  by  half  its  diameter 
into  the  acid  liquor,  without  mixing  with  it; 
but  when  the  fize  of  any  globule  encrealed 
to  exceed  A-  cf  an  inch  in  diameter,  it  then 
parted  from  the  nozel  and  fpread  on  the 
liquor. 

All  this  looked  as  if  each  drop  carrieJ  its 
proper  atmofphere  of  repellent  matter,  which 
it  retained  for  a confiderable  time,  with  a 
force  greatly  fuperior  to  the  weight  of  a 
grain,  for  the  drop  could  not,  by  reafon  of 
its  mere  aggregation,  rebound  from  liquor 
of  the  fame  kind,  and  roll  'on  it,  and  dip 
and  fwell  in  it  without  mixing. 

I immediately  attempted  to  produce  the 
like  phenomena  in  diffilling  water,  under 
the  fame  circumfiances  precifely  ; but  with- 
out fuccefs  i neither  could  I find  them  in 
* treating  fpirit  of  wine  in  the  fame  way. 

Upon  a review  of  all  the  phenomena  of 
this  kind  that  I had  ever  noticed,  I am  per- 
(iiaded  that  the  drops  of  all  inelaftic  fluids 

carry 


[ 124  ] 

carry  their  refpecfllve  atmoCpheres  of  fomc 
repellent  matter  which  is  of  the  fiery  kir\d  j 
and  that  in  moft  fluids,  the  denfity  of  thefe 
atmofpheres  is  rarely  fufflcient  to  refifl;  the 
approximation  or  union  of  the  drops  with 
fuch  force  as  to  exhibit  the  appearances 
above  defcribcd : but  that  bodies,  whofe 
principles  feverally  attrad;  fire  fo  forcibly 
as  to  form  elaftic  fluids  with  it,  maintain 
denfer  atmofpheres  of  this  matter  around 
their  parts  or  drops,  which  then  repel  with 
greater  force  j and  that  the  efFed  of  this 
repulfion  is  greatefl;  and  mofl  durable,  when 
the  drops  carry  with  them  any  elaftic  fluid, 
exceeding  the  quantity  which  they  can  re- 
tain when  cooled.  The  eledricity  produ- 
cible in  diftillations  and  evaporations,  and 
the  quick  evaporation,  if  not  the  converti- 
bility of  w'ater  into  an  aerial  fluid,  by  the 
eledric  matter,  are  things  not  repugnant  to 
this  notion  i which  I ntention  only  for  its 
confonance  with  the  agency  of  fire  that  oc- 
curs in  all  our  experiments. 

The  mixed  elaftic  fluids  lately  defcribed 
were  feparated  and  meafured  in  the  follow- 
ins:  manner. 


Receiving 
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Receiving  the  fucceffive  portions  through 
quicklilver,  in  cylindrical  graduated  glafs 
tubes  of  known  capacity,  I noted  the  fpace 
occupied  by  each  of  them,  when  the  mer- 
cury within  the  tube  was  level  with  that  in 
the  bafon  in  which  the  tube  flood.  I then 
transferred  the  tube  into  flrong  lime  water, 
and  admitted  as  much  of  it  as  could,  with 
the  affiflance  of  agitation,  be  employed  in 
abforbing  all  the  volatile  vitriolic  acid  with- 
out becoming  turbid.  Guided  by  fome  trials 
of  known  mixtures,  and  contenting  myfelf 
with  an  approximation  to  accurate  mea- 
furement,  I flated  half  the  bulk  of  the  water 
fo  admitted  to  be  equal  to  the  whole  of  the 
volatile  vitriolic  acid,  efpecially  when  there 
was  a refidue  of  fixable  air  j for  the  .water 
thus  impregnated  with  fulphureous  felenite 
and  acid,  did  not  in  thefe  circumflances  ap- 
pear to  imbibe  more  than  half  its  bulk  of 
fixable  air.  By  wafliing  the  remaining 
elaftic  fluid  in  lime  liquor,  I faw  the  quan- 
tity of  refiduary  air  or  inflammable  air ; and 
deducting  the  bulk  of  this  and  of  the  volatile 
vitriolic  acid  from  that  of  the  mixed  elaflic 
fluids,  I found  the  meafure  of  the  fixable  air. 
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At  intervals,  I received  the  mixed  elafbie 
fluids  in  a vefTel  containing  a column  of 
water  above  the  quicklilver  j and  as  the  wa- 
ter in  this  circumlfance  imbibed  a great 
quantity  of  volatile  vitriolic  acid,  and  re- 
tained little  or  no  fixable  air  when  fully 
faturated  with  the  acid,  the  bulk  of  fixable 
air  emitted  in  a certain  time,  was  feen ; 
and  in  comparing  this  with  the  meafure  of 
mixed  elaftic  fluids  which  were  expelled 
in  the  like  tigie  of  uniform  diftillation,  I 
approximated  the  true  proportions  of  the 
different  elaftic  fluids  ; but  not  before  I had 
treated  the  fixable  air  with  lime  water  in 
the  foregoing  manner,  in  order  to  fepafate 
the  volatile  vitriolic  acid  which  it  carried 
with  it  through  the  column  of  water,  at 
the  period  of  faturation  : Then  the  fix- 
able  air  was  eafily  withdrawn  from  the  in- 
flammable, with  which  it  was  generally  im- 
pregnated. 
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SECT. 


i 

Experime?2ts  on  Mixtures  of  Acetous  and 
Nitrous  Acid. 


O any  man  that  confiders  the  varieties 
in  fmel],  tafle,  medicinal  effedl  and 


technical  ufe  of  the  fiibflances,  whofe  pro- 
duds,  by  the  foie  adion  of  fire,  differ  in 
little  or  nothing  except  the  proportion  of 
them  to  each  other,  as  appears  in  the  works 
of  Geoffroy,  Hales,  Newman,  Cartheufer, 
Fontana  and  others ; it  is  manifeft,  that 
our  knowledge  of  the  principles  of  vegetable 
fubftances  and  of  bodies  which  refemble 
^ them  in  compofition,  has  been  remarkably 
defedive:  and  the  experiments  which  throw 
new  light  on  a fubjed  fo  extenfive  in  na- 
ture, and  fo  interefiing  to  medical  pradi- 
tioners,  as  well  as  to  divers  artifts,  mufi; 
.appear  highly  important. 


With  thefc  imprefiions  I undertook  many 
^experiments  which  the  avowed  purpofes  of 
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this  Eifay  did  not  feent  to  require;  but  of 
which  I think  a few  ought  to  be  related  as 
follow?,  in  order  to  fliew  their  conformity 
with  the  foregoing  dodrines,  and  to  gene- 
ralize the  indudtions  which  feem  to  demand 
our  chief  attention. 

To  four  ounces  of  acetated  vegetable  al- 
kali I added  gradually  eight  ounces  of  the 
flrongeft  nitrous  acid  ; for  as  ftrong  nitrous 
acid  excites  confiderable  heat  in  mixing  it 
with  water  only,  and  the  acetous  fait  always 
retains  fome  water,  the  fudden  mixture  of 
the  nitrous  acid  with  the  acetous  fait  would 
from  this  caufe  alone,  caufe  a degree  of  heat 
fufficient  to  expel  fome  of  the  acetous  acid. 

Notwithftanding  this  precaution,  the  heat 
amounted  to  about  150  degrees,  and  fome 
nitrous  air  and  vapour  w^as  emitted,  but  the 
quantity  did  not  much  exceed  what  might 
be  expelled  from  the  fame  nitrous  acid  by 
heating  it.  In  diftillation  I obtained  eight 
ounces  of  acid  ; of  which  the  four  firfi;  were 
chiefly  acetous  and  the  refl;  nitrous  acid. 
The  colour  of  the  mixed  acids  was  yellower 
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than  that  of  the  nitrous  acid  ufed,  and  re- 
fembled  that  of  nitrous  acid  flightly  phlo- 
gidicated.  The  dry  mafs  in  the  retort 
weighed  about  four  ounces,  was  perfedly 
white,  diffolved  and  crydalized  like  nitre, 
and  in  divers  trials  was  found  to  be  true 
nitre,  with  excefs  of  nitrous  acid. 

\ 

As  the  quantity  of  nitrous  acid  was  twice 
greater  than  what  was  necedary  for  the  de- 
,,  compofition  of  the  acetated  fait  j and  as  the 
acetous  acid,  in  the  indant  of  its  expulfion 
from  the  alkali,  was  fully  expofed  to  an 
equal  quantity  of  dronged  nitrous  acid,  and 
thefe  acids  were  expofed  in  vapour  to  each 
other,  it  was  imagined  that  fome  change 
might  be  produced  in  the  acetous  by  virtue 
of  the  attraction  of  its  phlogidon  to  the  air 
i;of  the  nitrous  acid,  and  that  the  nitrous 
acid,  thus  deprived  of  its  air  in  the  prefence 
of  phlogidic  matter,  would  form  nitrous 
air. 

But  fince  the  quantity  of  acetous  acid  was 
as  great  as  the  acetated  fait  can  be  made  to 
yield  in  any  decompofition,  and  the  quan  • 
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tity  of  nitrous  air  or  vapour  was  too  fmall 
to  be  imputed  to  any  other  agency  than  that 
of'the.fire,  by  which  alone  the  nitrous  acid 
would  yield  as  much  as  appeared  in  this 
experiment ; and  as  the  refiduary  fait,  con- 
fiding of  half  the  nitrous  acid  combined 
with  the  vegetable  alkali  of  the  acetous  fait, 
fhewed  nothing  phlogiftic  or  oleaginous ; 
it  appeared  that  the  acetous  acid,  which  can  ’ 
fo  eafily  be  decompofed  by  heat,  undergoes 
no  fuch  change  in  the  fulled  and  mod  ad- 
vantageous expofure  to  the  dronged  nitrous 
acid. 

To  be  more  fully  adured  of  this  I didilled 
the  nitrous  acid  of  the  foregoing  procefs, 
with  four  ounces  of  acetated  vegetable  al- 
kali, and  obtained  the  whole  of  the  acetous 
acid  quite  clear  and  colourlefs : the  matter 
in  the  retort  was  white,  and  confided  of  true 
nitre  fuper-faturated  vyith  nitrous  acid  only. 
Thus  the  nitrous  acid  was  found  to  have 
undergone  no  material  alteration  or  lofs ; 
and  the  acetous  acid,  being  afterwards  tried 
in  divers  combinations,  and  ladly  by  fire, 
.fhewed  no  appearance  of  dephlogidication 
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or  decompofition  by  the  adion  of  the  nitrous 
acid. 

With  the  views  already  expreded,  I mixed 
eisht  ounces  of  acetated  lime  with  the  fame 

O 

quantity  of  drong  nitrous  acid,  and  after 
drawing  off  the  acetous  acid  and  fo  much  of 
the  nitrous  as  was  ufed  in  excefs,  I diddled 
thefe  with  four  ounces  of  the  acetous  calca- 
reous fait.  The  phenomena  were  fuch  as 
may  be  expeded  by  any  perfon  acquainted 
with  the  foregoing  experiment,  and  gave 
no  indication  of  material  alteration  in  ths 
nitrous  acid,  or  of  any  decompofition  of  the 
acetous  by  the  mere  adion  of  the  former. 
A fmall  portion,  indeed,  of  nitrous  and 
fixable  air  appeared  j but  from  the  quantity 
of  it,  and  the  period  of  the  didillation,  in 
which  it  was  produced,  it  was  manifedly 
owing  to  the  heat  which  the  charge  fudained 
at  the  bottom  of  the  retort,  where  it  had 
clotted,  and  was  mod  expofed  to  the  fire, 
after  the  chief  part  of  the  liquid  matter  had 
been  expelled. 

I then  wetted  i6  ounces  of  dried  and 
pure  nitre  in  powder,  with  four  ounces  of 
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flrongefi:  acetous  acid,  and  added  eight  ^ 
ounces  cf  the  llrongefl  oil  of  vitriol,  in  a 
glafs  retort.  The  phenomena  attending  the 
mixture  did  not  differ  in  any  thing  remark-  ’ 
able  from  thofe  which  accompany  the  mix- 
ture of  fuch  oil  of  vitriol  with  drv  nitre,  ; 
except  that  the  vapour  which  ifl'ued  was  . 
mixed  with  perhaps  a little  more  nitrous  • 
air. 

In  diflilling  four  ounces  of  acid  liquor  < 
from  the  charge,  about  4 of  the  common  ’ 
air  of  the  veflels  iffued,  and  carried  with 
them  about  an  equal  bulk  of  nitrous  va- 
pour, mixed  with  a quantity  of  fixable  air, 
too  fmall  to  deferve  particular  notice.  The 
condenfed  liquor  confifted  of  acetous  and  ni-  ; 
trous  acid,  and  had  a high  orange  colouf.  ; 
After  the  fourth  ounce,  the  fubfequent  acid  ■ 
fell  in  a fender  Column,  almoft  as  fine  as 
horfe-hair,  from  the  nozzel  of  the  retort, 
through  the  liquor  in  the  recipient  which  it  > 
touched,  to  the  bottom  of  it ; fliewing  this . 
product  to  be  chiefly  nitrous  acid ; and  this ; 
lafl  gradually  diluted  the  colour  of  tlie  firfl ! 
four  ounces  of  acid  until  it  became  yellow.  ; 
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When  the  whole  of  the  diftilled  acids 
amounted  to  five  ounces,  and  a,cetous  acid 
no  longer  ifi'ued  along  with  the  nitrous,  from 
the  charge,  the  nitrous  acid  next  diftilled 
was  green,  as  phlogifticated  nitrous  acid 
mixed  with  water  always  is ; and  an  elaftic 
fluid  began  to  ififue  in  notable  quantity. 
This  confided  of  four  parts  in  bulk  of  de- 
phlogidicated  air,  mixed  with  one  of  nitrous 
vapour  and  nitrous  air.  But  this  is  the 
proper  produce  of  that  part  of  the  nitre 
which  was  confiderably  heated  without 
meeting  vitriolic  acid  in  fufficient  quantity 
to  detach  its  acid  in  the  ordinary  date  of 
nitrous  acid.  For  fome  time  afterwards, 
the  proportions  of  dephlogidicated  air  and 
nitrous  vapour  varied  as  the  heat  extended 
higher  in  the  charge  j and  as  no  phenomenon 
occurred  except  what  is  proper  to  nitre  and 
vitriolic  acid  drongly  heated  in  thefe  pro- 
portions, I put  an  end  to  the  operation. 

The  mixed  acids  thus  obtained  were  kept 
fix  months  in  a clofe  vcffel,  and  didilled  by 
a gentle  heat.  The  portion  fird  condenfed 
to  the  amount  of  two  ounces  was  orange - 
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coloured,  and  confifted  of  acetous  acid,  im-?? 
pregnated  with  nitrous  acid  and  nitrous 
phlogiftic  vapour,  which  made  it  look  ra- 
ther opaque,  and  inclining  to  olive-colour  ; 
but  by  the  fucceeding  portions  of  acid,  it 
was  diluted  to  its  former  yellow  colour,  and 
the  whole  palled  over,  the  lafl;  portions  be- 
ing entirely  nitrous,  without  leaving  a ftain 
behind.  About  half  a pint  of  elaftic  fluid 
in  the  mean  time  blued  from  the  recipient 
through  quickfilver,  and  confifled  of  phlo- 
gifticated  air  and  nitrous  air,  mixed  with 
that  of  the  veffels,  the  bulk  of  which  lafl 
is  not  included  in  the  half-pint.  This  quan- 
tity is  too  fmall  to  denote  any  notable  change 
of  the  acids  in  the  difljllation,  for  the  mixed 
acids  could  retain  fo  much  nitrous  elaftic 
fluid  from  the  former  procefs,  and  the 
phlogiflication  of  the  air  of  the  vefTels,  is  the 
well  known  refult  of  the  abforption  of  its 
dephlogiflicated  part  by  the  nitrous  air  or 
vapour, 

In  this  experiment  the  acetous  acid  was 
firfl  expofed  to  the  adion  of  the  vitriolic 
in  its  piofl  concentrated  ftate  ^ and  when 
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this  was  expended  in  decompofing  the  nitre, 
it  was  expofed  to  the  flrongeft  nitrous  acid 
in  fubftance  and  in  vapoury  and  as  the 
diftillation  advanced,  a part  of  the  acetous 
acid  was  expofed  at  once  to  nitrous  acid  in 
hot  vapour,  and  to  the  pure  air  of  that 
part  of  the  nitre,  which  by  reafon  of  the 
deficiency  of  vitriolic  acid,  and  its  vicinity 
to  the  hottefl  part  of  the  fand,  was  decom- 
pofed  by  heat  alone : and  as  no  more  cf 
the  acetous  acid  was  decompofed  or  ex- 
pended in  making  the  nitrous  acid  red  and 
elaftic,  than  appears  always  to  be  when  it  Is 
retained  in  fuch  heat ; we  may  truly  infer 
that  the  acetous  acid  cannot  be  decom- 
pofed by  the  mere  adlion  of  the  nitrous,  and 
that  in  the  prefence  of  the  water  which  is 
a conftituent  part  of  thefe  acids  in  their  or- 
dinary condition,  the  nitrous  acid  cannot 
draw  the  phlogifton  from  the  acetous,  fo  as 
to  exhibit  it  in  a dephlogifticated  flate. 

As  water  weakens  the  adtion  of  divers 
bodies  on  each  other,  and  efpecially  that  of 
acids  on  inflammable  liquors,  I had  reafon 
thus  to  impute  the  inadlivity  of  the  nitrous 
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. acid  in  thefe  diftillations,  to  the  water  in- 
feparable  from  both  acids  in  their  ordinary 
form  ; but  in  order  to  try  the  validity  of 
this  notion,  I made  divers  experiments  with 
the  ftrongefl:  nitrous  acid  and  the  moft  de- 
phlegmated  oil  diftilled  from  acetated  vege- 
table alkali : for  feeing  that  acetous  acid 
may  be  refolved  by  fire  into  fixable  air,  wa- 
ter  and  oil;  that  the  two  former  are  not 
affedted  by  nitrous  acid  fo  as  to  afford  new 
compounds,  and  that  the  latter  is ; I con- 
fidered  this  as  the  only  part  of  the  acetous 
acid  on  which  the  nitrous  is  apt  to  adf,  and 
the  mofl  likely  to  indicate  the  effedts  which 
nitrous  acid  would  produce  with  the  acetous, 
if  it  could  be  procured  quite  free  from 
water. 

The  refult  of  the  mixture  of  thefe  vyas, 
that  when  the  oil  was  flowly  added  to  the 
nitrous  acid,  and  gradually  blended  with  it 
by  agitation  in  iced  water,  fo  that  no  fen- 
fible  heat  was  excited,  they  mingled  freely 
and  perfedtiy,  without  emitting  or  exhaling 
any  thing  confiderable,  except  what  they 
feverally  exhale  into  the  air  included  with 
3 them. 
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them,  previous  to  any  mixture  of  this  kind. 
The  firft  drops  of  oil  gave  the  nitrous  acid 
a yellow  colour,  the  next  orange;  with  more 
it  acquired  a claret  colour,  which  grew 
deeper  and  darker  as  the  quantity  of  oil  en- 
creafed.  The  acid  neverthelefs  feemed  to 
have  truly  didolved  its  bulk  of  the  oil,  for 
in  a column  of  a quarter  of  an  inch  in  dia- 
meter, the  mixture  appeared  uniform  and 
tranfparent.  When  it  was  removed  from 
the  iced  water,  and  acquired  the  temperature 
of  the  air,  which  was  36"  at  this  time,  it 
began  to  difeharge  bubbles,  which  arofe 
very  fmall  from  the  bottom,  and  grew  larger 
in  their  progrefs  upwards  through  the  li- 
quor, as  it  happens  in  making  nitrous  ether; 
and  in  the  courfe  of  twelve  hours,  a quantity 
of  elaftic  fluid  was  emitted,  meafuring  up- 
wards of  thirty  times  the  bulk  of  the  mix- 
ture. Three  - fourths  in  volume  of  this 
elaflic  fluid  were  fixable  air,  and  the  re- 
mainder was  inflammable  air  mixed  with 
nitrous  air,  the  former  of  which  feemed  to 
be  nothing  more  than  the  proper  exhalation 
of  that  part  of  the  oil  which  had  cfcaped 
the  a<ftion  of  the  nitrous  acid,  or  which 
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having  depofited  its  water  in  the  acid,  af- 
fumed  this  form,  as  the  ethereal  part  of 
alkohol  is  difpofed  to  do  in  thefe  circum- 
fiances. 

On  the  application  of  heat,  the  mixture 
emitted  a great  deal  more  of  the  like  elaftic 
fluids  i and  when  phlogifticated  nitrous  va- 
pour arofe  in  confiderable  quantity,  I with- 
drew the  fire,  knowing  from  other  expe- 
riments what  the  fubfequent  product  would 
be,  and  fatisfied  already  in  this  proof,  that 
the  nitrous  acid  needs  no  heat  beyond  36  de- 
grees in  order  to  adt  forcibly  on  this  oil. 

When  the  acid  and  oil  were  quickly 
mixed  in  any  order,  or  in  any  quantity  ex- 
ceeding a dram  of  either,  the  heat  and  in- 
tumefcence  w'cre  very  great,  and  the  quan-^ 
tity  of  elaflic  fluid  fuddenly  emitted  was 
proportionate  to  thefe  diredly.  After  it 
had  depofited  the  condenfible  phlogifticated 
nitrous  vapour  which  ift'ued  along  wdth  it 
from  the  boiling  mixture,  it  w'as  found  to 
confift  chiefly  of  fixable  and  inflammable  air 
mixed  with  nitrous  and  phlogifticated  air ; 
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but  the  proportions  of  thefe  varied  in  dif- 
ferent experiments  with  the  circumftances 
of  them.  By  attending  to  thefe,  I perceived 
that  the  inflammable  air  was  produced  from 
the  volatile  oil  which  had  received  the  heat 
of  the  mixture,  but  efcaped  the  a.ftion  of 
the  acid,  and  tliat  the  quantity  of  fixable 
air  was  diredlly  proportionate  to  the  phlo- 
giflication  of  the  nitrous  acid.  Therefore 
this  acid  and  our  oily  matter  mutually  de- 
compofe  each  other,  and  form  new  com- 
pounds, by  virtue  of  the  eledlive  attractions 
of  their  principles,  and  without  the  aid  of 
extraneous  fire;  and  as  a great  quantity  of 
fire  is  emitted  during  the  aCtion  of  the  oil 
and  acid  on  each  other,  the  quantity  of  it 
that  exifls  concentrated  and  combined  in 
thefe,  is  much  greater  than  can  be  retained 
in  their  new  products. 

In  metallic  folutions,  and  in  all  others, 
in  which  the  nitrous  acid  is  phlogifiicated ; 
in  all  combuflions  of  phlogiftic  bodies, 
in  which  nitrous  acid  or  nitrous  falts,  by 
virtue  of  the  air  contained  in  them,  per- 
form the  office  of  the  pure  part  of  atjiaof- 

pheric 


[ >4°  ] 

pheric  air  in  calcining,  deflagrating  or  de- 
tonating thefe  fubflianccs ; and  in  every 
known  inftance  of  the  phlogiftication  of 
nitrous  acid,  and  of  the  formation  of  nitrous 
air  from  it ; the  acid  principle  lofes  a part 
or  the  whole  of  its  pure  air,  and  by  re- 
ceiving phlogifton  inftead  of  it,  becomes 
nitrous  air.  The  quantity  of  difengaged 
nitrous  air  that  appears  in  any  of  thefe  cafes 
depends  on  the  capacity  of  the  materials 
employed,  to  retain  the  pure  air  of  the  ni- 
trous acid  in  preference  to  the  nitrous  air, 
and  in  thefe  the  confequent  predominance 
of  pure  air  may  eafily  be  found  : hence  the 
nitrated  calces  of  metals  yield  abundance  of 
pure  air  and  little  or  no  acid,  as  Mr.  Ca- 
vendiih  has  well  fliewn  in  the  inftance  of 
Mercurius  corroflvus  ruber.  Of  all  the  ex- 
periments which  clearly  evince  this  depo- 
fition  of  pure  air  by  the  nitrous  acid,  when 
it  becomes  phlogifticated,  and  forms  nitrous 
air,  we  need  only  to  mention  the  following. 

Nitrous  air,  whether  procured  in  deto- 
nation, in  the  folution  of  metals,  vegetables, 
or  other  phlogiftic  lubdances,  or  in  the 
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aftion  of  the  nitrous  acid  and  oils  on  each 
other,  on  the  admixture  of  pure  air  be- 
comes nitrous  acid  fomewhat  phloglfticated  j 
and  a great  part  of  the  pure  air  thus  admi- 
niftered,  is  actually  expended  in  the  forma- 
tion of  the  acid,  whilft  the  remainder  con- 
tributes to  the  formation  of  water.  In  this 
as  well  as  every  other  inftance  of  the  entry 
of  pure  air  into  a phlogiftic  body,  heat  is 
generated  or  fire  is  emitted,  fiiewing  that 
the  nitrous  air  and  pure  air  feverally,  are  ca- 
pable of  holding  more  fire,  than  the  nitrous 
acid  and  water,  which  they  form,  can  retain. 

Aided  by  thefe  general  obfervatio4is,  we 
may  interpret  the  phenomena  of  the  mix- 
tures of  nitrous  acid  ^nd  oil  in  the  follow- 
ing manner. 

Whilft  the  phlogifiion  of  the  oil  unites 
with  the  acid  principle  of  the  nitrous  acid, 
the  pure  air  of  the  latter  is  transferred  to 
the  vegetable  acid  principle  of  the  oil,  and 
contributes  towards  the  acid  characters, 
which  then  become  as  apparent  in  the  fix- 
able  air,  as  the  privation  of  them  is  manifefi; 
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in  the  nitrous  air.  That  this  expofition  is 
true  will  appear  from  thefe  cOnhderations  j 
that  the  nitrous  air  thus  formed*  requires 
only  pure  air  to  become  nitrous  acid,  and 
that  difengaged  pure  air,  however  procured, 
together  with  this  oil,  in  the  adl  of  com- 
buflicn  in  clofe  velfels,  yield  fixable  air  and 
water,  and  nothing  elfe,  except  that  quan- 
tity of  the' fire  formerly  combined  in  the  oil 
and  pure  air,  which  the  fixable  air  and  wa- 
ter cannot  retain : for  I purpofely  rejedl 
from  our  prefent  confideration  a fmall  and 
variable  quantity  of  the  elaftic  fluid  called 
phlogiflicated  air,  which  always  appears  in 
the  above-mentioned  procelfes,  and  fliall  be 
noticed  in  due  time. 
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SECT.  X. 

Experiments  and  Obfervations  relating  to  the 
Principles  of  Acetous  Acid  and  Fixable  Airy 
and  the  Bodies  from  which  Fixable  Air  is 
not  only  extricated  but  formed ; with  ge- 
neral Interpretations  of  divers  interefting 
Phenomena, 

IN  addition  to  the  curfory  obfervations 
formerly  made,  I am  now  briefly  to 
relate  the  general  refult  of  the  experiments 
which  exhibit  the  agency  of  air  on  acetous 
compounds. 

Having  tried  every  one  of  the  tinder  like 
and  coaly  fubftances  heretofore  defcribed  as 
confifting  of  oily  matter  of  acetous  acid  fixed 
by  earth  or  alkali  or  neutral  falts,  by  cal- 
cining or  burning  them  in  contact  with  pure 
air  ‘y  I found  the  quantity  of  fixable  air  pro- 
'duced  in  thefe  prcTcefiTes  to  bear  a direfl  pro- 
portion to  that  of  the  pure  air  expended  in 
them  refpediively.  In  burning  the  oils  of 
acetous  acid  with  pure  air  from  nitre,  the 
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produdi  was  fixable  air  and  water,  excliifive  I 
of  the  fire  emitted  and  a finall  and  variable  | 
quantity  of  phlogiflicated  air;  and  when  1 
the  oils  containing  the  fmallefi;  quantity  of  j 
water  were  ufed,  the  weight  of  the  fixable  1 
air  equalled  or  exceeded  that  of  the  oil.  In  j 
burning  the  inflammable  air  expelled  from  ' 
acetous  acid,  the  fixable  air  always  greatly 
exceeded  the  inflammable  air  in  weight,  as 
will  be  fhewn  hereafter ; and  in  all  thefe 
cafes  the  quantity  of  fixable  air  was  diredlly 
proportionate  to  the  expenditure  of  pure 
air. 

By  thefe  experiments  I was  thoroughly 
perfuaded  that  fome  gravitating  matter  of 
pure  air  contributes  to  the  formation  of  fix- 
able  air,  and  that  every  combuflible  product 
of  acetous  acid,  contains  the  acid  principle 
of  fixable  air  as  well  as  phlogiflon.  As  the  ' 
phlogiftic  produdts  of  acetous  acid,  when  it 
is  decompofed  by  fire,  require  no , other  ' 
matter  but  pure  air  in  order  to  yield  fixable 
air  in  confequence  of  their  reciprocal  decom-  J 
pofition,  and  this  acid  affords  nothing  but 
water  and  fixable  air,  exclufive  of  thefe  j 
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phlogiftic  compounds,  I could  no  longer 
doubt  of  the  exiftence  of  the  gravitating 
matter  of  pure  air  in  acetous  acid  which 
yields  fixable  air;  and  the  indutflion  that 
acetous  acid  confifis  of  water,  acid,  air  and 
phlogifton,  feemed  to  me  fully  efiablifiied, 

By  the  abftradion  of  fixable  air,  and  con- 
fequently  of  the  pure  air  of  acetous  acid^ 
we  deprive  the  remainder  of  this  acid  of 
every  property  that  charadlerizes  an  acid,  . 
and  by  the  due  agency  of  air  we  refiore  to 
a confiderable  part  of  this  fame  remainder, 
the  decided  acid  characters  of  fixable  air. 
Therefore  one  of  the  principles  of  fixable 
air  refides  as  well  in  our  oil,  tinder,  coal  or 
inflammable  air,  as  in  concentrated  vinegar, 
although.it  thews  no  property  of  an  acid 
until  it  is  combined  with  air. 

' Although  the  phenomena  of  combuflion 
were  inexplicable,  they  furnith  no  juft  ar- 
gument in  contradiction  of  thefe  inferences 
concerning  acetous  compounds  and  air,  fince 
by  the  experiments  of  the  laft  SeCtion  we 
find  that  nitrous  acid  aCting  on  the  oil  of  the 

L acetous 


[ i4'6  1 

acetous  and  fupplying  pure  air,  contributes 
to  the  formation  of  fixable  air,  without  the 
aid  of  fire  or  the  procefs  of  combuflion, 
whic'b  has  nothing  peculiar  to  it  except  the 
illumination  j for  fire  is  emitted  wherever 
fixable  air  is  formed  from  the  materials 
above-mentioned,  and  is  as  manifefl:  in  its 
efcape  from  the  mixtures  which  imprefs  us 
only  with  the  fenfe-  of  heat,  and  from  which 
it  iffues  flowly  and  progreffively,  as  in  the 
combuflion  in  which  the  fame  matter,  iffu- 
ing  more  rapidly,  and  meeting  no  denfo 
medium  to  alter  or  reflrain  its  motion  be- 
fore it  is  propagated  to  our  vifiual  organs, 
excites  in  us  the  fenfe  of  illumination.  Thus 
I endeavour  to  exprefs  fads  to  which  we 
mufl  prefently  have  recourfe,  without  in- 
volving them  in  any  theoretic  interpre- 
tation. 

This  recent  knowledge  of  acetous  acid, 
oily  matter,  fixable  air,  and  denfe  inflam- 
mable air,  opens  to  us  a new  profped  of 
many  interefling  phenomena,  which  have 
perplexed  and  milled  the  mofl  ingenious 
Experimenters.  A concife  and  general  ex- 
planation 
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planation  of  thefe,  according  with  our  in- 
terpretation of  the  phenomena  already  no- 
ticed, will  now  I hope  be  acceptable  to  the 
reader. 

) 

In  diflillations  of  the  acetous  acid  alone, 
no  change  is  produced  in  it>  becaufe  there 
is  nothing  to  facilitate  an  abftradlion  of  its 
waters  or  to  detain  any  of  its  principles  in 
preference  to  the  others,  and  becaufe  the 
volatility  of  this  compound  of  water,  acid 
air,  and  phlogifton>  limits  the  heat  which 
it  fuftairis  in  this  procefs.  But  when  the 
farne  acetous  acid  is  detained  by  any  body 
which  facilitates  the  abftradion  of  its  water 
which  ferves  as  the  intermedium  of  the 
union  of  the  other  principles,  and  in  confe- 
quence  of  this  detention  is  duly  ignited,  the 
acid  principle  fo  far  as  it  meets  air,  forms 
fixable  air,  but  meeting  phlogifton  only, 
forms  with  it  an  inflammable  body,  which 
in  the  circumftances  refpedtively  deferibed, 
appears  in  the  form  of  oil,  tinder,  artificial 
fuel,  or  of  denfe  inflammable  air. 

. In  accounting  for  the  production  of  fix- 
able air,  and  of  oil  and  inflammable  air, 
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which  In  combuftion  yield  fixable  air,  from 
the  dephlegmated  and  ignited  acetous  acid, 
we  furnifh  an  eafy  explanation  of  the  phe- 
nomena which  occur  in  the  diftillation  and 
combuflion  of  all  the  vegetable  and  other 
fubftances  which  yield  fixable  air,  oil,  and 
our  inflammable  air,  in  various  proportions  j 
and  we  fhew  at  the  fame  time  that  however 
they  may  vary  in  their  other  principles,  and 
confequently  in  their  properties,  they  all 
contain  pur  vegetable  acid  principle  affoci- 
ated  with  phlogifton.  The  nature  of  the 
coaly  and  charred  refidue  left  in  the  diftil- 
lation of  vegetables  and  divers  combuftible 
mineral  fubftances,  is  clearly  fliewn  by  the 
like  refidues  of  acetous  compounds;  for  fo 
far  as  all  thefe  yield  denfe  inflammable  air 
by  mere  ignition,  or  fixable  air  in  com- 
buftion,  the  exiftence  of  our  acid  principle 
in  each  of  them  is  manifefted. 

When  we  confider  that  in  every  dephleg- 
mation  of  the  acetous  acid  a great  deal  of 
oil  is  formed,  and  that  all  oils  in  their  com- 
buftion  ihew,  by  the  quantity  of  fixable 
air,  that  they  confift  chiefly  of  our  acid 
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principle  and  plilogifton  detained,  in  fome 
inllances,  by  a little  earth  or  other  fixed 
matter,  and  aflbciated,  in  others,  with  a 
little  water  ; and  when  we  alfo  obferve  that 
waxy,  refinous,  bituminous,  and  divers 
other  folid  combufiible  bodies  may,  by 
diftillation  and  the  abfiradlion  of  earthy 
matter,  be  reduced  to  the  ftate  of  oil ; we 
find  fufficient  reafon  to  conclude  that  the 
form  and  characters  of  oil  are  thofe  which 
our  acid  principle  and  phlogifton,  abftracted 
from  other  matter,  are  moft  difpofed  to  af- 
fume  ; and  as  no  oil  or  ardent  fpirit,  or  re- 
finous or  camphorated  or  coaly  fubftance, 
exifts  without  them,  and  nothing  elfe  is 
common  to  all  the  bodies  that  are  com- 
buftible  s I thall  for  the  future  exprefs  the 
compound  of  our  acid  principle  and  phlo- 
gifton by  the  term  of  oily  or  coaly  matter, 
rather  than  introduce  new  terms. 

As  the  moft  dephlegmated  acetous  acid 
fuftains  certain  degrees  of  heat,  and  may  be 
diftilled  without  decompofition,  for  the  rea- 
fons  above-mentioned,  we  readily  conceive 
how  ardent  fpirits  and  the  purer  oily  bodies 

'L  3 retain 


[ >5*  ] 

^ / 

retain  their  form  and  characters  after  the 

like  treatment,  and  how  camphorous  bodies, 
flowers  of  Benzoin,  and  others,  confifling 
chiefly  of  our  oily  or  coaly  matter,  may  be 
fublimed  unaltered  j and  for  the  fame  rea- 
fons  that  acetous  acid  duly  heated,  under- 
goes the  changes  already  deferibed,  ardent 
fpirits,  oils,  and  all  the  volatile  bodies 
which  abound  in  our  oily  or  coaly  matter, 
are  convertible,  to  the  amount  of  this  mat- 
ter, into  inflammable  air,  when  they  are 
detained  by  any  body,  or  puflied  through 
red-hot  tubes,  in  order  to  undergo  the  ne- 
cefTary  ignition. 

A curfory  review  of  the  particulars  com- 
prehended under  thefe  general  obfervations, 
is  fuflicient  to  (hew  how  copioufly  and  ex- 
tenfively  our  acid  principle  is  diffufed 
through  the  animal  and  mineral  as  well  as 
through  the  vegetable  creation,  how  con- 
flantly  it  attaches  itfelf  either  to  the  gravi- 
tating matter  of  air,  or  to  phlogiflon,  and 
why  in  all  our  attempts  to  expel  it  from 
fixed  bodies,  we  find  it- compounded  in  the 
form  pf  fixable  air,  inflammable  air,  or  oil, 

which 
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which  laft  bears  the  fame  relation  to  our 
acid  principle  that  -fulphur  has  to  that  of 
vitriolic  acid,  or  phofphorus  of  Kunkcl  to 
that  of  the  phofphoric  acid. 

The  fixable  air,  inflammable  air  and  oil, 
procured  in  the  diftillation  of  wood,  peat, 
bitumens  and  foflile  coal ; and  the  fixable 
air  which  is  produced  abundantly  in  the 
combuftion  of  fuch  native  fubflances,  or  of. 
their  oil  or  inflammable  air,  fhew  clearly 
that  thefe  fuels  differ  from  each  other  only 
in  the  quality  and  quantity  of  earthy  faline 
and  other  matter  combined  in  them  with 
the  principles  of  dur  vegetable  oil,  which 
thus  appears  to  be  common  to  them  all, 
and  to  conflitute  the  greater  part  of  them 
abftradted  from  their  water.  Thofe  who 
wifli  to  trace  mineral  fuel  to  a vegetable 
origin,  will  find  the  characteriflic  matter  of 
it  abounding  in  all  organized  bodies  on 
earth,  and  even  in  their  relicks  after  rotting, 
l^and  may  obferve  that  black  peat  firongly 
compreffed,  differs  very  little  from  mineral 
coal,  either  in  the  appearance,  or  analyfis, 
or  produds  of  combuftion  : and  the  circu- 
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latibn  of  the  fame  oily  matter  to  vegetables  -S 
again,  is  exhibited  in  the  pradlice  of  huf-  1 
bandry.  Virgin  mould,  however  richly  im-  1 
pregnated  with  the  matter  of  the  vegetables  'r 
which  have  perifhed  on  it,  is  exhaufted  by  ' 
the  repeated  removal  of  heavy  crops,  and  ‘ 
cannot  by  any  culture  or  mixture  be  en- 
riched again  for  vegetation,  without  re-  ■ 
ceiving,  in  fome  form,  our  oily  matter, 
which  we  thus  trace  into  the  crops,  until  . 
the  exhaufted  foil  can  bear  no  other  than  . 
ftunted  vegetables  fubfifting  chiefly  on  the 
nourilhment  conveyed  to  them  by  the  air  or 
rain. 

The  agency  of  water  in  vitriolic  acid  is 
by  all  allowed  to  be  the  fame  as  we  de- 
fcribed  it  in  regard  to  the  acetous  : hence 
it  happens  that  waterlimpedes  the  adlion  of 
vitriolic  acid  on  all  bodies  by  which  it  can 
be  phlogifticated,  anci  that  vitriolic  acid 
and  acetous  acid,  which  however  concen- 
trated, contains  a great  quantity  of  water, 
produced  little  or  no  effedl  on  each  other, 
when  they  w^ere  mixed  in  equal  quantities.  - 
But  when  the  proportion  of  water  in  the  i 
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mixture  was  leffened  by  adding  only  a little 
of  the  acetous  acid  to  a great  quantity  of 
the  mod:  dephlegmated  vitriolic  acid  j and 
when  the  acetous  acid,»detained  in  the  vitri- 
olic, diverted  of  water,  and  confiderably 
heated  at  the  fame  time,  was  deprived  of 
that  part  of  it  which  ilTued  in  the  form  of 
fixable  air,  the  remainder  then  confirting 
only  of  phlogirton  afibciated  with  the  vege- 
table acid  principle,  was  expofed  at  once  to 
the  adion  of  fire  and  vitriolic  acid,  which, 

t 

as  we  fliall  prefently  fhew,  contains  pure 
air,  and  always  depofites  it  in  the  a£t  of 
combining  wdth  phlogirton,  to  form  vola- 
tile fulphureous  acid.  Then  whilft  the  vi- 
triolic acid  became  phlogifticated,  its  air 
ading  as  ufual  on  the  hot  oily  matter,  con- 
tributed to  the  formation  of  fixable  air. 
But  in  proportion  to  the  water  which  yet 
remained  to  impede  this  decompofition,  a 
part  of  the  oleaginous  matter  efcaped  in  the 
form  of  ether  or  inflammable  air,  and  a 
portion  of  the  vitriolic  acid  remained  jm'-- 
perfectly  phlogifticated. 

The  adion  of  vitriolic  acid  on  ardent  ipi- 
rits,  oils,  and  all  the  bodies  which  contain 
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our  oily  matter,  is  of  the  fame  kind  : for 
weak  fpirits  are  not  fenfibly  affedted  by  this 
acid,  and  to  produce  the  greateft  alteration 
in  both,  we  mull  mix  them  in  their  mod; 
dephlegmated  (late.  Then  the  water,  which 
is  a conllituent  part  of  alkohol,  being  de- 
tained by  the  vitriolic  acid,  and  fome  part 
of  the  acid  principle  of  the  alkohol  being 
expended  in  the  formation  of  fixable  air 
which  efcapes,  fo  much  of  the  acid  principle 
of  the  fpirit  as  can  be  faturated  with  its 
phlogiflon  to  form  an  oily  liquor,  paffes  off 
in  diftillation,  under  the  name  of  ether. 
This  is  followed  by  the  water  impregnated 
with  fome  concomitant  ethereal  and  oily 
matter;  and  fo  much  of  this  lafl  as  the 
vitriolic  acid  can  detain,  is  afterwards  ex- 
pended in  phlogifticating  this  acid  by  one  ' 
pf  its  principles  to  form  volatile  vitriolic 
acid,  and  contribute  by  its  acid  principle  to 
produce  the  fixable  air  which  accompanies 
the  vitriolic  acid  air, 

t 

In  the  mean  time  a part  of  the  oily  mat- 
ter thus  heated,  efcaping  the  adion  of  the 
vitriolic,  is  expelled  in  the  form  of  inflam- 
mable 
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inable  air,  to  which  this  oily  matter  is  al- 
ways convertible  by  heat  alone  : and  with 
regard  to  the  thick  livid  refiduary  matter, 
we  need  only  obferve  that  it  contains  a con- 
fiderable  quantity  of  vitriolic  acid  unaltered, 
and  derives  its  fpiffitude  and  colour  from 
the  falts  of  the  vitriolic  acid  and  the  fac- 
charine  matter  of  the  fpirit  entangling  a 
portion  of  oil  : but  as  the  faccharine  matter 
itfelf  conhfls  chiefly  of  the  acid  and  phlo- 
giflic  and  aerial  principles  of  acetous  acid, 
the  produce  from  this  refldue  by  diftillation 
to  drynefs,  is  vitriolic  acid,  vitriolic  air, 
fixable  air^  and  inflammable  air  in  fmall 
and  variable  quantity,  for  the  rcafons  al- 
ready mentioned. 

In  acetous  acid  and  ardent  fpirlts  the  acid 
principle  predominates  over  the  phlogiftic, 
and  is  accompanied  with  fome  air ; for 
otherwife  they  could  not  yield  fixable  air,^ 
as  they  do,  in  divers  procelTes,  without  the 
aid  of  pure  air  ; and  fpirits  could  not  render 
fait  of  Tartar  mild  and  cryflalizable,  as  they 
ufually  do  in  digeftion  or  diftillation.  But 
in  oils,  the  acid  principle  appears  to  be  fa- 
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turated  with  phlogifton,  and  the  quantity 
of  water  which  fuch  a compound  can  re- 
tain or  unite  with  is,  in  all  cafes,  propor- 
tionate to  the  quantity  by  which  our  acid 
principle  predominates  in  the  oil ; except 
when  fome  other  matter  ferves  like  this  as 
the  medium  of  union  between  the  oil  and 
water. 

This  being  the  nature  of  oils,  fo  far  as 
we  can  briefly  exprefs  it  in  general  terms, 
we  are  next  to  confider  the  phenomena 
which  vitriolic  acid  and  oily  bodies  have 
been  obferved  to  produce. 

When  diluted  vitriolic  acid  is  prefented 
to  an  oil,  they  produce  little  or  no  effedl 
on  each  other,  for  the  reafons  above-men- 
tioned : but  when  the  dephlegmated  acid  is 
ufed,  its  firft  adfion  is  to  abflradt  the  water 
and  thicken  and  char  the  oil.  The  products 
are  afterwards  fixable  air,  inflammable  air, 
vitriolic  air,  leaving  a coaly  refid ue  propor- 
tionate to  the  heterogeneous  falts  in  the  acid 
and  the  proper  earthy  or  other  fixed  matter 
of  the  refpedive  oils, 
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To  account  for  thefe  products,  we  need 
only  make  the  obvious  application  of  what 
has  been  faid  with  regard  to  vitriolic  acid 
and  acetous  acid  in  diftillation. 

In  like  manner,  the  produdtion  of  fixable 
and  vitriolic  air,  and  all  that  occurs  when 
we  mix  or  difiil  vitriolic  acid  with  any  ve- 
getable or  other  fubftance  abounding  with 
our  acetous  principle  and  phlogifton,  are 
eafily  explicable,  under  due  confideration  of 
the  matter  combined  in  thefe  fubftances 
refpedlively  with  our  oily  matter,  and  of 
the  predominant  acid,  in  fome  inftances, 
which  with  the  concomitant  air  will  afibrd 
fixable  air  to  which  the  aerial  principle  of 
the  vitriolic  acid  may  not  yet  have  contri- 
buted. 

As  to  the  heat  produced,  on  the  mixture 
of  vitriolic  acid*  with  oily  and  other  bodies 
abounding  with  our  acid  and  phlogiftic  mat- 
ter, it  is  manifeflly  owing  to  the  capacity  of 
the  phlogiftic  compound  and  of  the  vitriolic 
acid  feverally  to  retain  more  fire  combined 
in  their  fubftance,  than  can  be  afterwards 
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engaged  as  a component  principle  of  the  j 
fixable  air,  vitriolic  air,  or  other  product  of  1 
the  procefs  : and  that  the  degree  of  heat  | 
fhould  be  proportionate  to  the  expenditure 
of  the  air  of  the  vitriolic  acid  in  the  form-  j 
ation  of  fixable  air,  will  not  appear  fingularj  ] 
when  it  is  confidered  that  in  the  deflagra-  | 
tion  of  our  inflammable  air  with  pure  air,  j 
fire  is  moft  copioufly  emitted,  and  nothing 
remains  but  fixable  air  and  water,  except  a s 
fmall  and  uncertain  quantity  of  phlogifii-  j 
cated  air,  as  will  more  fully  appear  here-  •j 
after.  i 

In  .comparing  the  inadivity  of  nitrous  \ 
and  acetous  acids  on  each  other,  with  the  | 
phenomena  attending  the  mixtion  of  nitrous  | 
acid  with  the  oil  of  the  acetous,  we  difeover  | 
the  agency  of  water  in  all  fimilar  mixtures  : | 

for  the  acetous  acid  differs  from  this  oil,  in  j 
nothing  that  affeds  the  nitrous  acid^  except  ] 
water.  The  eledive  attradions  of  the  phlo-  j 
giftic  and  acid  principles  of  the  acetous  acid,  1 
and  the  aerial  and  acid  principles  of  the 
nitrous,  the  confequent  decompofitions  and  ^ 
hew  produds  are  therefbre  fufliciently  exhi-  1 
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bited  in  mixtures  of  this  oil  with  nitrous 
.acid,  and  ferve  to  explain  many  phenomena 
which  have  occurred  to  Experimenters  in 
their  trials  of  nitrous  acid  with  bodies  con- 
taining the  acid  principle  of  acetous  acid 
as  well  as  phlogifton^ 

So  far  as  the  principles  of  our  oil  and 
nitrous  acid  were  duly  applied  to  each  other, 
and  unreftrained  by  water,  the  phlogiftbn 
of  the  former  attached  itfelf  to  the  acid 
principle  of  the  latter,  and  made  nitrous 
air,  whilft  the  nitrous  acid  depofited  and 
transferred  its  air  to  be  expended  chiefly  in 
the  formation  of  fixable  air  : and  as  the  new 
products  could  not  retain  all  the  fire  ori- 
ginally combined  in  the  oil  and  nitrous 
acid,  a confiderable  quantity  of  it  neceffarily 
efcaping,  adted  in  its  proper  charadter,  heat- 
ing and  expanding  the  mixture  and  the  con- 
tiguous bodies.  But  inafmuch  as  the  prin- 
ciples of  the  oil  and  acid  were  accompanied 
with  water,  and  were  retrained  by  it,  or  in 
imperfedt  mixture  eluded  each  other,  we 
had  inflammable  air  or  oily  vapour  in  con- 
fequence  of  the  heat,  and  nitrous  vapour  or 
acid  partially  phlogifticated.  ^ 
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In  this  manner  and  even  in  thefe  terms 
we  can  eafily  account  for  the  produds  and 
phenomena  of  nitrous  acid  with  divers  ve- 
getable and  animal  fubftances,  which  contain 
our  acid  principle  and  phlogifton,  viz.  the  , 
heat,  the  intumefcence,  the  nitrous  and  fix- 
able  air,  the  efcape  of  inflammable  air  and 
oily  vapour,  and  the  femi  - phlogifticated 
itate  of  fome  part  of  the  nitrous  acid. 

Many  experiments  admitting  or  requiring 
this  explanation,  may  be  met  in  the  works 
of  the  latefl;  writers  on  chemical  fubjeds, 
and  particularly  In  Dr.  Prieftley’s  fecond 
volume  of  Experiments  and  Obfervations  on 
Airs  : but  in  every  expofition  of  this  kind, 
due  care  fliould  be  taken  that  the  fixable  air 
which  the  phlogiftic  body  alone  may  yield, 
be  not  confounded  with  that  to  which  the 
air  of  the  nitrous  acid  contributes. 

In  explaining  the  phenomena  attending 
the  mixture  of  nitrous  acid  with  bodies  con- 
fifling  chiefly  of  our  oily  matter  and  water, 
the  agency  of  this  laft  is  efpecially  to  be  con- 
fidered.  The  firfl:  efled  of  the  nitrous  acid 
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ih  thefe  cafes  is,  like  that  of  the  vitriolic,  to 
abflrad;  the  water,  and  then  adllike  diluted 
nitrous  acid  on  the  other  matter  of  thefe 
bodies  ; fo  nitrous  ether  is  made  from  fpi- 
rit  of  wine  and  this  acid,  of  which  fome 
part  remains  in  the  water  abftraded  from 
the  ethereal  or  oily  matter,  another  part 
blends  with  the  ether,  when  heat  is  avoid- 
ed, whilft  a portion  of  the  pure  or  empy- 
real air  is  expended  in  the  generation  of 
fixable  air ; and  proportionate  to  this  ex- 
penditure we  find  nitrous  and  phlogiftic  air* 
the  quantities  of  which  aregreateft  when,  by 
extraordinary  dephlegmation  of  the  acid  and 
fpirit,  or  by  the  heat  of  hafty  mixture,  of 
the  want  of  due  compreflion,  the  adtion  of 
'thefe  lafi  on  each  other  is  rather  promoted 
than  moderated. 

\ 

Subftahces  which  confifi:  almofi:  entirely 
of  our  oily  matter,  and  afford  little  or  no 
water  to  dilute  the  nitrous  acid  and  mode- 
rate its  adtion,  produce  the  grcatefi:  quanti- 
ty of  fixable  and  nitrous  air ; which  are  ex- 
pelled with  fuch  impetuofity  as  to  blow  a 
great  part  of  the  ingredients  away,  before’ 
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they  can  be  blended  fufficiently  for  their 
mutual  decompofition.  This  happens  in 
mixtures  of  nitrous  acid  and  effential  oils, ' 
which  always  emit  a great  quantity  of  hre, 
generally  burfl:  forth  into  flame,  and  burn 
with  great  rapidity.  When  the  decompo- 
fition is  partial  or  incomplete,  the  fireemit- 
ed  is  partly  wafted  away  with  the  elaftic 
fluids  newly  compofed,  and  partly  expended 
in  vaporizing  the  undecompored  parts  of  the 
ingredients  j but  when  neither  water  nor 
any  other  matter  gives  any  confiderable  im- 
pediment, and  the  circumftances  favour  the 
adtion  of  fuch  bodies  on  each  other,  they 
are  almoft  wholly  expended  in  forming 
the  new  compounds  of  Arable  air,  nitrous 
air,  phlogiftic  air,  and  water  ; and  the  vivid 
flame  and  intenfe  heat  Ihew  that  the  Are 
which  was  lodged  in  the  oily  matter,  and 
in  the  air  of  the  nitrous  acid,  is  for  the 
greater  part  liberated  to  act  in  its  proper 
charadter  on  the  neighbouring  bodies. 

All  the  phenomena  that  accompany  the 
adtion  of  nitrous  acid  on  other  bodies,  which 
like  thefe  contribute  to  the  formation  of 
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fixable  air,  are  fimilar  to,  and  intermediate 
between  thofe  of  folutions,  of  the  proceffes 
for  ether,  and  of  the  inflammation  of  oils, 
and  differ  from  them  in  nothing  that  can 
cmbarrafs  an  experienced  chemifl. 

Notwithflanding  the  attractive  power 
with  w'hich  nitrous  acid  is  combined  in 
alkalies  earths  and  metals,  the  force  where- 
with its  empyreal  air  is  drawn  to  the  prin- 
ciples of  our  coaly  matter,  is  always  fufflcient 
under  due  ignition,  to  produce  the  effeCts 
lately  defcribed,  and  particularly  the  for- 
mation of  fixable  air  and  nitrous  air,  which 
is  often  accompanied  with  a confiderable 
quantity  of  phlogiftic  air.  This  laft  indeed 
varies  greatly,  as  the  circumftances  of  the 
procefs  and  the  fubjeCts  of  it  are  varied  ; but 
does  not  require  immediate  attention. 

The  rapid  combuflion  and  explofive  pow- 
er of  compounds*  conlifting  of  nitrous  fait, 
well  mixed  in  due  proportion  with  charcoal 
or  any  other  fubfliance  confifting  chiefly 
of  our  acid  principle,  combined  with  pblo- 

gifton,  are  neceffary  confequences  of  thofe 
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attradtive  farces  which  tend  to  the  forma* 
tion  of  fixable  air,  nitrous  and  phlogiftic 
air  and  water,  and  to  the  liberation  of  the 
matter  of  fire.  Our  recent  knowledge  of 
thefe  fubjedts  is  chiefly  derived  from  that 
important  difcovery  of  Mr.  Cavendiih,  of 
the  emiffion  of  fire  and  formation  of  water, 
from  the  gravitating  matter  of  empyreal 
and  light  inflammable  air  ; and  any  perfon 
who  may  hereafter  compofe  a theory  of 
combuftion  and  detonation,  will  find  the 
chief  difficulty  to  confifi:  in  the  attempt 
to  fliew  why  a combuftable  mixture,  whe- 
ther elaftic,  fluid,  orfolid,  requiers  ignition 
in  fome  part  before  the  intended  decompo- 
fition  can  take  place.  My  conjectures  on 
this  fubjeCl  will  appear  in  a fubfequent 
feCtion. 

A great  many  different  pyrophori  are  made 
by  mixing  earthy,  metallic,  or  alkaline  bo- 
dies, with  vegetable  or  animal  fubftances 
confifting  chiefly  of  our  oily  matter,  and 
then  expelling  their  moifture  and  fuper- 
fluous  oily  or  acidulous  matter,  by  ignition 
in  clofe  veflels.  Nothing  but  this  oily  or 
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coaly  matter  is  common  to  all  the  pyrophori, 
which  by  mere  expofure  to  pure  air,  im- 
bibe it  fuddenly,  enter  into  combuftion,  and 
yield  fixable  air  j which,  if  it  be  notcopi- 
oufly  emitted  during  the  combuftion,  is 
found  to  be  detained  in  the  earth  or  alkali 
of  the  pyrophorus,  from  which,  previous 
to  the  admiftion  of  air,  little  or  no  fixable 
air  could  be  obtained.  The  fixable  air 
formed  in  all  inftances  of  this  kind,  is 
manifeftly  the  producft  of  the  oily  or  coaly 
matter,  and  pure  or  empyreal  air  ; and  the 
fire  liberated  and  fpontaneous  accenfion, 
fhew  clearly  that  one  or  both  of  thefe  con- 
tained a much  greater  quantity  of  fire,  than 
the  new  produdrs,  confiftingof  fixable  air 
water  and  refiduary  grofs  matter,  can  retain. 


After  this  manner,  we  may  eafily  explain 
the  phenomena  of  fixable  air  and  heat 
wherever  they  are  produced,  during  the 
adion  of  empyreal  air,  (or  atmofpheric  air 
which  contains  it)  on  fubftances  containing 
our  oily  or  coaly  matter ; and  the  fame 
interpretation  is  applicable,  wherever  we 


fee  fixable  air  formed,  and  fire  extricated 
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during  the  adion  of  nitrous  falts,  black 
wad,  or  of  other  bodies  containing  empy- 
real air,  on  combuflible  bodies  holding  our 
oily  or  coaly  matter.  But  fince  mixtures 
of  folid  bodies  containing  empyreal  air  in- 
timately combined  in  them,  with  other 
folid  bodies  containing  our  oily  ipatter, 
emit  fire  abundantly,  and  burn  mofi:  ve- 
hemently, fo  foon  as  the  adion  of  the  aerial 
matter  of  one,  on  the  oily  matter  of  the 
other,  commences,  whether  fpontaneoufiy, 
or  by  the  excitation  of  a flint  fpark ; we 
cannot  doubt  that  the  empyreal  air,  or 
oily  matter,  or  both,  retain  a vafi;  quan- 
tity of  fire  fixed  in  the  folid  fubftance  and 
as  much  neutralized  as  acid  is  in  a neutral 
fait : and  in  comparing  the  adion  of  the 
elaftic  fluid  called  empyreal  air,  in  the 
combuflion  of  phlogiflic  bodies,  with  the 
like  effed  of  nitrous  and  other  folid  bodies, 
which  ad  in  combuftions  by  virtue  of 
their  pure  air,  we  find  no  ground  for  fup- 
pofing  that  much  more  of  the  matter  of 
fire  is  neceflary  to  the  elaflic  condition  of  i 
pure  air,  than  can  be  retained  by  it  in  the  ^ 
clofer  approximation  of  its  parts,  in  bodies 

3 : 


[ 167  J 

to  whofe  niafs  and  weight  it  greatly  con- 
tributes; unlefs  we  admit, that  fire  is  com- 
bined in  much  greater  quantities  in  phlo- 
giftic  bodies  than  in  any  other ; in  diredl 
contradiction  to  the  opinion  of  the  ingeni- 
ous Dr.  Crawford,  who  very  jufily  confi- 
dered  the  empyreal  air  as  the  vehicle  of 
fixed  fire ; but  will  now,  on  a review  of 
the  fubjeCt,  if  I miftake  not,  admit,  that 
phlogiftic  bodies  alfo  contain  fire,  and  emit 
it  in  combuftion.  But  the  vivid  com- 
buftions  of  light  injiamable  air,  fulphur, 
zinc,  and  other  bodies,  with  pure  air,  in 
which  little  or  no  fixable  air  is  formed, 
as  that  excellent  philofopher  Mr.  Caven- 
dilh  has  fiiewn  ; teach  us  that  fixable  air 
is  not  a necelTary  produCl  of  combuftion, 
nor  of  the  union  of  air  with  phlogifton  : 
And  now  we  fee,  that  it  cannot  be  produ- 
ced by  the  union  of  air  with  any  known 
matter,  except  the  acid  principle  mani- 
feftly  contained  and  difguifed  by  phlogif- 
ton, in  the  bodies  comprehended  under 
the  general  heads  already  fpecified,  and  con- 
fequently  in  fubftances  whofe  varieties, 
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diftinguifhed  only  by  the  names,  would 
fill  a volume. 

The  procefies  of  fermentation,  putre- 
fadlion  and  refpiration,  which  laft,  as  Dr. 
Crawford  very  fagacioufly  obferves,  gene- 
rates animal'  heat,  are  all  producflive  of  fix- 
able  air,  of  which,  a great  part  is  adually 
formed  from  principles  which  before  were 
otherwife  engaged  and  compounded  in  the 
refpedive  inftruments  of  thefe  operations ; 
and  thefe  proceffes  are  all  attended,  like 
thofe  above  defcribed,  with  the  emiffion 
of  fire^,  But  as  I intend  to  fpeak  of  thef? 
fubjedls  elfewhere,  I fhall  not  infift  on 
them  here  for  the  rnere  purpofe  of  {hew- 
ing, what  the  reader  anticipates,  their  conr 
formity  with  the  notions  fo  often  tried  in 
the  interpretation  of  the  phenomena  which 
accompany  the  formation  of  fixable  air  in 
various  procefies. 

The  appearance  of  fmall  quantities  of 
fixable  air,  in  procelTes  which  do  not  rank 

pnder  any  of  the  forgoing  heads,  is  gener 
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rally  owing  to  the  following  circumftah- 
ces : The  common  nitrous  acid  of  the 
ihops  is  diftilled  from  rough  nitre,  and  ex- 
clulive  of  water,  carries  with  it  fome  of 
the  vegetable  oily  matter,  which  colours 
it,  and  in  every  circumftance  of  deplog- 
piation  and  ignition,  yields  fixable  air. 
In  the  refining  of  nitre,  we  approximate 
the  intended  purity,  but  never  attain  it 
perfedtly  j and  therefore  find  fome  fixable 
air  mixed  with  the  firfi:  product  of  nitre 
difiilled  even  in  glafs  vefibls.  The' moats 
alfo,  or  dull:  and  fibr?s>  whether  animal 
or  vegetable,  that  are  w^afted  every  where 
in  the  air,  and  adhere  to  our  veflels  and 
inftruments,  never  fail  to  impregnate  the 
fubjeds  of  our  experiments,  and  to  yield 
fixable  air,  when  expofed  to'  heat  and  the 
action  of  air  or  of  bodies  containing  this 
matter.  Coarfe  earthen  vefiels  generally  re- 
tain in  their  fubftance  fome  of  our  oily  or 
poaly  matter  ^ the  imperfed:  metals  are 
feldom  free  from  if ; and  a grain  is  fuffi- 
cient  in  the  recited  circumftances,  to  pro- 
duce fome  cubic  inches  of  fixable  air,  as 
^vill  be  fhewn  hereafter.  It  is  not,  there- 
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fore  a matter  of  furprife,  that  in  the  in- 
confiderate  ufe  of  impure  materials,  earthen 
veiTels,  dirty  gun  barrels,  and  by  expofure 
to  the  common  air,  many  fubftances  fhould 
have  appeared  to  yield  variable  quantities 
• of  fixable  air,  -which  in  the  contrary  cir- 
cumftances  could  have  afforded  nothing  of 
this  kind. 

We  cannot  yet  fpeak  with  certainty  of 
the  character  of  the  mere  acid  matter  of 
each  of  the  chemical  acids,  abflraded  from 
phlogifton  and  every  other  kind  of  gravi- 
tating matter.  In  each  of  the  fubftances, 
which  we  confider  as  a certain  acid  fatu- 
rated  with'  phlogifton,  the  acid  matter  is 
as  much  difguifed  as  it  can  be  in  a neutral 
fait : This  appears  in  the  comparifon  of 
fulphur  with  yitriolated  tartar,  of  phofpho- 
rus  with  microfmic  fait,  of  regulus  arfenic, 
with  neutral  arfenical  fait,  &c.  all  which 
-differ  very  much  from  their  refpcdive  acids. 
But  as  empyreal  air  is  adminiftred  in  every 
procefs  in  which  we  are  fuppofed  to  de- 
phlogifticate  the  mere  acid  matter,  and 
this  laft  is  not  known  to  us  in  the  ftate 
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intermediate  between  that  of  its  combi- 
nation with  pblogifton  and  this  lafl  in 
which  it  is  certainly  combined  with  gra- 
vitating matter  of  empyreal  air,  \Ye  can- 
not pretend  to  defcribe  any  mere  acid 
matter  in  its  uncombined  flate ; nor  is  it 
yet  demonilrated,  that  the  empyreal  air, 
which  is  a conftituent  part  of  each  of  'the 
acids  of  the  chemifts,  expells  or  extricates 
in  every  inftance,  all  the  phlogiftic  mat- 
ter which  was  formerly  combined  in  the 
fubjedl  from  which  the  acid  is  prepared. 
There  is,  however,  in  the  preparation  of 
every  acid,  fufficient  evidence  either  of 
the  expulfion  of  fome  phlogiRic  matter, 
or  of  its  union  with  the  pure  acid  matter 
being  diffolved  in  confequence  of  its  being 
expended  in  the  formation  of  water,  of 
which  a part,  or  the  whole  in  moft  in- 
llances,  is  retained  in  the  body  which  we 
are  faid  to  dephlogifticate. 

Whenever  vitriolic  acid  is  employed  in 
the  formation  of  fulphur,  its  empyreal  air 
is  expended  in  forming  fixable  air  or  water ; 
the  acid  charadter  of  the  refidue  is  loft  in 
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the  union  with  phlogifton,  and  cannot  be 
reftored  until  empyreal  air  is  adminiftred 
in  fome  fliape  to  combine  with  the  mere 
acid  matter  and  with  a part  if  not  the 
whole  of  the  phlogifton,  which  with  ap'ro- 
tion  of  the  empyreal  air  forms  water. 

This  agency  of  empyreal  air  appears  in 
every  procefs  for  making  vitriolic  acid" from 
fulphur  and  nitrous  acid  or  nitrous  fait,  or 
fulphurand  empyreal  air,  whether  admi- 
niftered  pure,  or  blended  with  phlogiftic  air, 
as  it  is  in  atmofpheric  air ; and  the  extri- 
cation of  the  empyreal  air  from  the  other 
matter  of  vitriolic  acid,  whilft  it  is  em- 
ployed in  the  formation  of  fulphur,  is  equal- 
ly apparent  in  every  experiment  in  which 
artificial  fulphur  is  formed  in  confiderable 
quantities,  as  in  making  liver  of  fulphur 
with  charcoal  and  vitriolated  tartar  orglau- 
bers  fait,  or  in  making  pyrophorus  with 
alum  and  flower  or  fugar ; for  in  thefe  in- 
ftances,  and  in  every  diftillation  of  vitrio-. 
lie  acid  or  vitriolic  fait  with  charcoal,  coak, 
bitumens,  oils,  refins,  and  divers  fubftances 
which  feverally  yield  little  or  no  fixable 
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air  or  water  until  empyreal  air  ad:s  on  theni  ' 
during  ignition,  the  quantity  of  fixable  air 
and  water  produced  during  the  intended 
formation  of  fulphur,  fhews  that  the  pro- 
per air  of  the  vitriolic  acid,  is  excluded 
from  the  fulphureous  compound. 

Although  vitriolic  acid  be  diverted  of 
water  in  the  long  continued  fufion  of  glau- 
bers  fait,  it  obrtinately  retains  the  greater 
part  of  its  empyreal  air;  and  until  this  is 
engaged  and  expended  in  the  formation  @f 
fixable  air  and  water,  the  vitriolic  fait  can- 
not make  liver  of  fulphur  with  charcoal  or 
the  other  fubrtanccs  that  abound  with  our 
coaly  matter.  The  agency  of  this  lart’  in 
the  extrication  of  the  empyreal  air  of  glau- 
bers  fait,  is  the  fame  as  in  metallic  reduc- 
tion ; and  the  liver  of  fulphur  thus  made 
by  fufion,  fhews  how  much  the  acid  cha- 
radler  of  vitriolic  acid  depends  on  its  em- 
pyreal air  : For  the  faline  mafs  now  con- 
taining almort  all  the  mere  acid  matter 
which  belonged  to  the  Glaubers  fait,  but 
deprived  of  the  air,  is  no  longer  neutral  and 
mild,  but  tartes  rtrongly  alkaline  and  cauf- 
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tic,  and  is  deliqiiefcent.  Expofed  to  em- 
pyreal air  it  imbibes  it  greedily,  and  with- 
out meeting  any  other  matter,  refumes  the 
charadlers  of  Glaubers  faltSi  Vitriolated 
tartar  treated  in  the  fame  way,  affords  the 
'fame  phenomena  and  inferences* 

The  nitrous  acidj  in  like  manner,  lofes  its 
acid  charadiers,  and  acquires  thofe  of  nitrous 
air,  when  it  is  deprived  of  the  empyreal 
air,  and  is  fuppofed  to  receive  phlogifton> 
in  metallic  folutions,  or  in  combuftions 
and  detonations.  When  the  quantity  of 
nitrous  air  is  conliderable,  the  empyreal  air 
which  liad  been  detached  froni  it  in  fuch 
proceffes,  is  eafily  traced  in  the  bodies  which 
effeded  the  feparation,  as  in  the  nitrated 
calces,  or  in  the  water  formed,  or  in  the 
fixable  air  j and  the  nitrous  air  never  re- 
fumes  the  true  charaders  of  nitrous  acid, 
until  it  meets  empyreal  air,  with  which 
it  recompofes  nitrous  acid  and  its  water. 

It  is  not  to  be  denied  that  in  proceffes 
of  this  kind,  as  well  as  in  the  expulfion  of 
empyreal  air  from  nitre,  a conliderable 
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quantity  of  phlogiftic  air  appears,  of  which 
I cannot  yet  fpeak  with  precifion,  although 
lam  certain  there  is  nothing  in  it  repugnant 
to  thefe  notions  of  acids, 

Phofphorus  of  Kunkel,  as  the  celebrated 
Scheele  and  Lavoifier  have  fhewn,  imbibes 
empyreal  air  in  great  quantity.  During  its 
faturation  with  the  air,  nothing  but  fire  is 
perceptibly  emitted,  and  this  which  has 
been  called  dephlogiftication,  is  really  ef- 
fected without  any  emiffion  of  the  phlogiftic 
matter,  becaufe  there  is  no  lofs  of  weight, 
and  water  is  manifeftly  formed. 

In  the  phofphorus,  the"acid  matter  ia 
totally  difguifed  by  the  combination  with 
phlogifton  j in  the  tranfition  to  phofphoric 
acid  it  may  be  equally  difguifed,  becaufe  it 
combines  with  the  gravitating ' matter  of 
empyreal  air  ; but  it  is  oqly  in  this]  com- 
bination with  air  that  it  forms -a  fubftance 
pofTefling  the  common  chemical  charaders 
of  an  acid. 
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How  the  mere  acid  principle  of  phofpho- 
rus  would  adt,  if  it  were  perfedtly  freed  from 
phlogifton  and  empyreal  air,  I know  not ; 
but  I am  affured  that  the  empyreal  air  is 
not  all  expended  in  forming  water  with 
the  phlogifton  of  the  phofphorus,  and  that 
it  does  not  adt  merely  by  diftblving  the; 
union  between  the  phlogifton  and  acid 
principle,  which  in  the  latitude  of  fpeech 
may  ftill  be  called  dephlogiftication  ; for 
the  aftoniftiing  quantity  of  empyreal  air 
which  phofphorus  imbibes  in  combuftion, 
to  the  amount  of  about  twice  its  own 
weight,  is  not  all  emitted  in  the  form  of 
water,  but  ferves  as  well  as  difengaded 
empyreal  air,  for  the  greater  part,  to  com- 
pofe  fixable  air,  when  the  phofphoric  acid 
is  formed  into  phofphorus  again,  by  diftil- 
ling  it  with  charcoal  or  other  fubftances 
containing  the  acid  principle  of  fixable  air^ 

Arfenical  matter  combined  with  phlo- 
gifton to  form  Regulus  of  arfenic,  has  more 
of  the  charadler  of  a combuftable  metallic 
fubftance  than  of  an  acid ; and  it  is  only 
' - ■ by 
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by  abforbing  empyreal  air  in  due  quantity^ 
that  it  acquires  the  general  properties  of  a 
chemical  acid.  That  this  empyreal  air  is 
not  wholly  expended  in  abftradting  the 
phlogifton,  but  that  it  actually  contributes 
to  the  formation  of  the  acid,  may  eafily  be 
Ihewn,  I ft,  by  the  fixable  air  which  is  produ- 
ced  in  great  quantity  during  the  redudlion  to 
the  reguline  ftate  by  fuch  phlogiftic  fub- 
ftances  as  contain  our  oily  or  coaly  matter ; 
idly,  by  the  empyreal  air  which  this  acid 
emits  when  it  is  ftrongly  ignited  and  fub- 
limed  into  the  form  of  white  arfenic  j and 
3dly,  by  the  rapid  combuftion  of  zinc  fufed 
in  this  acid,  as  Mr.  Scheele  has  obferved. 

In  the  preparation  of  the  acid  of  fugar 
and  of  other  faditious  vegetable  acids,  all 
the  phenomena  correfpond  with  thefe  no- 
tions  of  the  acids  in  general,  and  with 
others.  The  nitrous  acid  employed  in 
fuch  proceft'es  is'  wholly  expended  thus  ; 
its  empyreal  air  in  forming  water  and  the 
vegetable  acid,  whilft  the  remainder  of  it 
efcapes  in  the  form  of  nitroUs  air,  if  not  of 

N ' pblo- 
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phlogiftic  air  : The  empyreal  air  thus  de- 
pofited  in  the  faccharine  or  other  vegetable 
acid,  is  demonftrable,  in  the  greater  quan- 
tity of  fixable  air  that  may  be  expelled  by 
mere  ignition  from  fuch  an  acid,  than  from 
an  equal  weight  of  the  fugar  or  other  fub- 
jflance  which  was  formerly  fuppofed  to  con- 
tain fuch  acid  difguifed  only  by  phlogifton. 

i 

We  are  indebted  to  the  ingenious  Mr. 
Scheele  and  Mr.  Lavoifier  for  many  excel- 
lent experiments  and  obfervations,  which 
illuftrate  all  that  is  here  advanced  concern- 
*ing  the  matter  of  acids  and  pure  air,  al- 
though their  conclufions  concerning  phlo- 
gifton  and  fixable  air  are  exceptionable,  as 
is  the  ufe  of  the  term  oxygenous  principle  ^ 
for  as  empyreal  air  is  common  to  many  other 
bodies  as  welt  as  to  the  chemical  acids,  and 
contributes  to  the  formation  of  acid,  only 
when  it  combines  with  and  dephlogifiicates 
fome  particular  kind  of  matter,  the  term 
oxygenous  principle  is  applicable  rather  to 
this  laft  than  to  the  empyreal  air,  and  it  is 
only  in  this  latter  fenfe  that  we  want  it. 

The 
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The  marine  acid  eludes  this  analogy  in 
no  other  particular  than  the  Wronger  ad- 
helion  of  the  empyreal  air,  which  we  can- 
not feparate  totally  from  the  acid  matter  by 
any  art  yet  difcovered. 

When  dephlogiflicated  marine  acid  is 
prepared,  by  mixing  the  nitrous  with  the 
common  marine  acid,  the  change  produced 
in  this  laft,  is  proportionate  to  the  quantity 
of  nitrous  air  which  is  always  produced  and 
emitted  from  the  mixture,  and  confe- 
quently  to  the  quantity  of  pure  air  which 
is  drawn  by  the  marine  acid  from  the  ni- 
trous': thus,  dephlogiflicated  marine  acid 
made  in  this  way,  appears  to  confifl  of  ma^ 
rine  acid  faturatcd  with  empyreal  air  : and 
as  the  menflrual  pow'er  of  every  acid  is 
abated  by  phlogiflon,  and  encreafed  by  the 
acceflion  of  empyreal  air  5 fothe  fully  aera- 
ted marine  acid  becomes  a folvent  of  bodies 
which  refifl  the  ordinary  marine  acid. 

But  independent  of  the  intenfity  which 
an  acid  folvent  acquires  by  the  acceflion  of 
air,  the  nature  of  metallici  falts  and  calces, 
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requires  that  the  folvent  fliould  fupply 
pure  air  abundantly  ; for,  as  this  air  is  a 
neceffary  conflituent  principle  of  fuch 
bodies,  the  tranfition  from  metal  to  fait 
or  calx,  can  take  place  only  as  the  menf- 
truum  fupplies  air.  Hence  the  efficacy 
of  nitrous  acid  in  calcining  metals,  and  of 
the  dephlogifticated  marine  acid  in  dif- 
folving  thofe  which  refift  the  common 
fpirit  of  fait. 

I 

On  thefe  conliderations,  the  marine  acid 
does  not  yet  appear  as  an  exception  to  thefe 
notions  of  the  agency  of  empyreal  air  in 
acids ; nor  will  it  afford  any  ffronger  ob- 
jedlion  to  them,  after  the  relation  of  the 
following  phenomenon,  which  has  not,  to 
my  knowledge,  been  noticed  by  any  che- 
mift*  ^ 

The  acid  elaftic  fluid  which  iffues  when 
two  pounds  of  manganefe  are  mixed  and 
diflilled  with  two  or  three  of  ordinary  fpi- 
rit of  fea  fait,  may  all,  except  a fmall  por- 
tion of  phlogilfic  air,  be  condenfed  in  a. 
folution  of  fixed  ^vegetable  alkali ; and  the 
♦ . folution 
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folution  thus  impregnated,  yields  a con- 
fiderable  quantity  of  nitre,  which  cryfta- 
lizes  in  the  ordinary  form,  and  detonates 
on  red  hot  coals.  The  folution  at  the 
fame  time  yields  regenerated  fea  fait. 

It  is  to  be  obferved,  that  manganefe,  by 
mere  ignition,  yields  a great  quantity  of 
empyreal  air  with  phlogiftic  air,  as  nitre 
does ; and  from  thefe  fadts  I conclude, 
that  manganefe  contains  nitrous  acid  or 
the  principles  of  it  in  great  quantity. 

But  red  lead,  and  the  calcis  which  ferve 
to  dephlogifticate  the  marine  acid,  or  to 
produce  the  change  in  it  that  is  expreffed 
by  that  wo^d,  alfo  yield  empyreal  and 
phlogiftic  air  by  ignition  ; and  I venture 
to  prognofticate,  that  nitrous  acid  will 
alfo  be  found  in  thefe  cafes  to  make  aqua 
regia  with  marine  acid,  excluftvc  of  any 
change  producible  in  the  marine  acid,  by 
its  union  with  empyreal  air  fupplied  from 
the  calx. 
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Since  atr  then  is  a conftituent  principle 
of  all  thefe,  and  neceffary  towards  their 
acid  charadter,  and  iince  the  marine  acid 
affords  no  contradictory  inftance,  it  is  per- 
fedtly  conformable  tot  he  tenour  of  nature, 
that  acetous  aced  fhould  contain  air  and 
poffefs  the  acid  charadtcr,  as  much  by 
virtue  of  this  air  as  of  any  other  matter  of 
it  and  as  the  union  of  a fpecific  matter 
with  phlogifton,  makes  fulphur,  but  with 
air,  vitriolic  acid ; or  as  the  union  of  a 
certain  kind  of  matter  with  phlogifton, 
makes  phofphorus,  but  with  air,  phofpho- 
ric  acid  j it  is  perfedlly  conformable  to 
the  known  nature  of  acids,  that  the  pe- 
culiar matter  which  diftinguifhes  the  ace-- 
tous  from  other  acids,  ftiould  attradt  phlo- 
gifton, and  in  this  union  exhibit  none  of 
the  acid  charadlers,  hut  appear  as  an  oily 
or  camphorous  or  refinous  fubftance,  bear- 
ing ftrong  refemblance,  in  divers  proper- 
ties, to  fulphur  or  phofphorus,  and  a 
weaker  ftmilitude  only  when  it  is  over- 
whelmed with  other  matter,  as  it  is- 
in  fpirits,  fugar,  gums,  vegetables,  fofllle 
coal^  '&c.  5 ?.nd  finally  that  by  receiving 
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empyreal  air,  and  depofiting  a part  of  its 
phlogidion,  it  fliould  aflume  the  acid  cha- 
radters  that  appear  in  acetous  and  other  ve- 
getable acids  and  in  fixable  air. 

In  fpeaking  of  fulphur,  the  fuhjedls 
which  claimed  my  chief  attention,  did 
not  require  that  I Ihould  deviate  from  the 
common  notion  of  its  being  compofed  of 
mere  acid  matter  and  phlogifion;  but  it 
is  now  expedient,  to  declare  that  in  a great 
number  of  experiments  it  appears  to  me 
that  fulphur  contains  a fmall  portion  of 
our  oily  matter ; and  it  is  owing  to  the 
prevalence  of  the  vitriolic  acid,  that  the 
fmall  quantity  of  fixable  air,  which  is 
formed  during  the  combuflion  of  fulphur, 
does  not  fhew  itfelf  by  the  tefl;  of  lime 
water  prefented  to  the  acid  vapour. 

Indudlive  reafonino;  is  ever  liable  to 
error,  but  approaches  the  nearer  to  be  cort- 
clufive,  as  the  indudioo  is  more  general, 
free  from  experimental  exception,  and  ap- 
plicable in  the  folution  of  phenomena, 
which  do  not  appear  to  be  explicable 
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' upon  any  other  general  ground.  The 
matter  of  this  fedtion  then  is  to  be  con- 
iidered  rather  as  a teft  and  probation  of 
my  notions  concerning  acetous  acid,  fix- 
able  air,  oil,  and  denfe  inflammable  air,  than 
as  an  attempt  towards  explaining,  in  fo 
fmall  a cornpafs,  all  the  phenoniena  that 
have  been  noticed  on  this  occafipn, 

$ 

The  terrns  which  have  been  hithertp 
ufed  by  chemical  writers,  are  in  many  in- 
ilances  utterly  unfit  for  thefe  difcuflions, 
and  render  them  as  embarrafling  to  thp 
writer,  as  they  may  be  obfcure  to  an  in- 
attentive or  captious  reader.  The  mofl: 
corredl  of  our  writers  haye  felt  this  incon- 
venience ; and  until  the  new  notions  are 
adopted  by  general  confent,  philofophers 
will  rather  continue  to  read  with  candour 
and  indulgence,  than  encourage  the  prema- 
|ure  introdudion  of  new  terms. 
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SECTION  XI. 

'Experiments  and  Obfervations  on  Acetous 
Compou7ids  Containing  Volatile  Alkali ; 
and  ReJleSlions  on  the  Varieties  Analyjis 

and  Produdls  of'  divers  Subjiances, 

\ 

TH  E new  and  unexpedted  appear- 
ances which  occurred  to  me  in  my 
hrft  experiments  on  acetated  volatile  al- 
kali, prompted  me  to  repeat  them  often 
on  a very  large  fcale,  and  to  vary  them  lb 
much,  that  a full  detail  of  all  that  relates 
to  them  cannot  be  introduced  in  this  elTay. 
I fhall  however  give  a fummary  view  of 
the  particulars  which  feem  to  be  remark- 
able, either  for  their  novelty  or  their  ap- 
titude to  our  purpofe  of  tracing  the  prin- 
ciples and  properties  of  acetous  acid. 

\ 

The  water  inherent  in  the  concentrated 
acetous  acid  and  in  the  rectified  volatile 
alkaline  fait  of  fal  ammoniac,  is  fufficient 
to  keep  the  neutral  fait  which  they  form, 
in  perfeft  folution.  But  the  neutral  li- 
quor 
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qaor  {hews  a conhderable  degree  of  tena-  I 
city  or  fpiffitude,  although  it  be  colourlefs  1 

aod  tranfparent.  \ 

In  neutralizing  the  acid  with  a cauflic  | 
volatile  alkaline  liquor,  confiding  of  fix  ) 

parts  of  water  and  one  of  mere  alkali,  the  heat  j 
excited  amounts  to  i5o°j  and  as  the  alkali 
ufed  is  ftronger  the  heat  is  greater.  The  j 
denfe  white  fume  which  clouds  the  vef-  j 
fels  in  which  this  mixture  is  made,  con-  j 
fids  chiefly  of  neutral  fait  formed  by  the  \ 
union  of  the  acid  vapour  with  the  alkaline  j 
air  which  continually  iflues  from  the  al- 
kaline  liquor  when  it  is  preded  by  the  at-  '] 
mofphere  only,  without  any  intermediate  j 
impervious  body.  ] 

The  uncommon  duration  of  this  denfe 
white  vapour,  or  the  flow  condenfation  of 
it  into  a neutral  fajt,  implies  a flow  extrin 
cation  of  the  proper  fixed  fire  of  the  acid 
yapoiu"  and  alkaline  air  in  confequence  of 
the  counteradion  of  contrary  powers, 
^"^or  the  parts  of  the  acid  and  alkali  tend 
jto  retain  their  refpective  portions  of  fire, 
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though  not  fo  ftrongly,  as  the  ^ttradion 

* 

which  draws  them  into  contacfl,  tends  to 
exclude  the  greater  part  of  it,  as  it  hap- 
pens in  the  formation  of  the  neutral  fait. 


When  the  acid  is  neutralized  by  concrete 
mild  volatile  alkaline  fait,  of  which  it  re- 
quires about  an  equal  weight,  the  mixture 
is  rather  cooled  than  heated  in  temperate 
weather  j fhewing  that  the  fixable  air  ex- 
pelled from  the  alkali,  engages  and  carries 
off  with  it,  in  a ftate  of  combination,  all 
the  fire  which  otherwife  would  fliew  it- 
felf  under  its  proper  characters.  ^ 

In  difiilling  the  neutral  liquor,  the  firfi; 
effect  of  the  heat  is  to  expel  a confiderable 
part  of  the  alkali  in  the  cauftic  and  aerial 
Hate,  and  the  emiflion  of  alkaline  air  con- 
tinues until  the  liquor  condenfed  in  the 
recipient,  amounts  to  one  fourth  of  the 
bulk  of  the  charge. 

This  being  drawn  off  and  examin^  is 
found  to  confift  of  water  faturated  with 
cauftic  volatile  alkali,  and  impregnated 

with. 
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with  a.  part  of  the  neutral  fait  which  pafles 
over  along  with  the  watery  vapour,  and 
of  which  the  quantity  is  greateft  in  quick  ' 
thftiliation,  but  rarely  exceeds  one  eighth 
of  the  neutral  fait  employed.  ■ 

] 

0 

What  follows,  is  for  a moment  neutral,  ; 
but  after  a few  drops,  iffues  flrongly  acid  j 
to.  the  tafte,  and  confifts  of  water,  ace-  \ 
tous  acid  and  neutral  fait,  a part  of  which  { 
cryftalizes  in  the  acid  liquor,  in  cooling;  | 
and  the  product  is  of  this  kind,  until  the 
original  charge  is  reduced  to  about  half  its  i 
bulk. 

After  this,  thematterin  the  retort  becomes  i 

neutral,  and  then  concrete  and  cryftalinc.  I 
by  cooling : But  by  flow  fublimation  it  t 
forms  long  flender  flatted  cryflals  termina- 
ting in  fharp  points,  fhooting  from  the 
fldes  of'the  vefl!els  in  divers  directions,  ir- 
regularly piled  on  each  other,  but  leaving 
large  interflices,  and  having  no  predomi- 
nance of  acid  or  alkali,  to  the  tafle  : Their 
hue  is  pearly  white,  and  their  length  fel- 

dom 
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:dom  exceeds  an  inch  and  eight  tenths;  but 
is  much  lei's  in  hafty  fublimation. 

The  cryftals  which  form  towards  the  con- 
clufion  of  the  procefs  are  not  fo  white  as  the 
former,  and  the  laft  of  all  are  yellow,  as 
if  ftained  with  oil.  A very  thin  cruft  of 
fixed  black  matter  always  remains  at  the 
bottom  of  the  retort,  adhering  firmly  to  it, 
and  too  fmall  in  quantity  to  admit  of  ftridf 
examination. 

The  white  cryftals  have  a peculiar  fmell, 
which  differs  confiderably  from  that  of  the 
yellow,  which  is  a little  offenfive,  and  not 
unlike  that  of  the  fmoak  that  ifl'ues  during 
the  combuftion  of  fucculent  vegetables 
for  potafh'.  Thus  the  neutral  liquor  af- 
fords firft  the  volatile  alkaline  odour,  then 
the  acid  varioufly  modified,  then  divers 
gradations  in  the  fmell  of  the  neutral  fub- 
limate,  until  it  becomes  empyreumatic. 

When  a weak  folution  of  acetated  vola- 
tile alkali  in  water,  fuch  as  may  be  made 
' with  acetous  acid  and  the  cauftic  volatile 
; . fpirit 
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jfpirit  of  fal  ammoniac,  is  flowly  diftilled, 
the  volatile  alkari  arifes  in  greater  quantity, 
in  the  beginning  of  the  diftillation,  and 
requires  fome  water  to  be  prefented  in  the 
receivers,  in  order  to  condenfe  it,  until  a 
fufEcient  quantity  of  watery  vapour  iffues 
along  with  it  from  the  charge.  This  al- 
kalized water  ferves  to  neutralize  the  acid 
liquor  which  follows  it,  until  the  matter 
remaining  in  the  retort  becomes  neutral. 
Although  the  greater  part  of  the  acetated 
volatile  alkaline  fait  is  thus  decompofed 
in  diftillation  with  water,  yet  a conftder- 
able  fl:iare  of  it  may,  in  this  procefs,  be  de- 
phlegmated,  becaufe  it  is  lefs  volatile  than 
water.  But  for  this  purpofe  the  diftilla- 
tion muft  be  very  flow  ; otherwife  the 
difference  in  volatility  is  not  fuflicient  to 
to  prevent  the  fait  from  paffing  over  along 
with  the  water. 


r 
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The  whiteft  cryftals,  heated  again  in  J 
clofe  veflels,  melt  and  fublime  into  white  ^ 
cryftals  like  the  former,  until  the  charge  .j 
is  reduced  to  about  - or  lefs  ^ then  the  J 
fublimate  ftaews  a-  yellowifh  tint,  which 

encreafes 
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eRcreafcs  to  the  end,  and  a black  (lain  isr 
left  on  the  bottom  of  the  retort,  but  no- 
thing elfe  that  merits  any  confideration  in 
regard  to  the  quantity  of  the  charge. 

The  yellow  cryftals  fublimed  again,  af- 
ford a white  fublimate  at  firfl;  but  to- 
wards the  middle  of  the  procefs  the  cryf- 
tals  laft  formed  incline  to  yellownefsy 
which  encreafes  gradually  in  every  fuccef- 
five  crop.  The  bottom  of  the  retort  fhews 
a ftain  or  film  which  blackens  it,  but  not 
any  quantity  of  fixed  refidue  that  the  ten- 
dered: balance  could  Ihew  in  w-eighing 
the  whole  charge. 

About  this  period  of  the  procefs,  the  air 
in  the  veflels  becomes  impregnated  with 
fixable  air  mixed  with  a fmall  quantity  of 
inflamable  air,  the  caufe  of  which  will  be 
eonfidered  hereafter. 

• 

The  fame  phenomena  occur  in  the  fifth 
fixth  and  feventh  fublimation  of  thefe 
crydals,  by  a very  gentle  and  fieady  heat'. 
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V 

The  quantity  of  alkali  predorhinatifig  iii 
the  firfl  produdt  by  diftillation  from  the 
acetated  volatile  alkaline  liquor,  is  greater 
as  the  diftillation  is  more  flowly  con- 
dudled.  In  this  cafe,  that  part  alfo  which 
diftills  with  excefs  of  acid  is  greater^  and 
becomes  flrohg  even  to  cauflicity  about 
the  time  when  the  neutral  dephlegmated 
rehdue  is  fit  to  concrete  by  cooling : and 
the  portion  of  neutral  faltj  which  rifes  along 
with  the  alkaline  and  acid  liquors^  is,  in 
this  circumftance,  fmaller  than  it  ever  is 
found  in  quick  diftillations; 

Acetated  volatile  alkali^  in  its  dry  cryfla* 
line  form,  and  perfedlly  purified  by  five 
fublimations,  melts  at  the  temperature  of 
170,  and  fublimes  at  250  or  thereabouts; 
It  is  combufiible,  very  deliquefcent,  andim- 
prefles  the  tongue  firlf  with  a fenfe  of  cold- 
nefs  and  then  of  fweetnefs,  which  is  foon  fol- 
lowed by  the  kind  of  talle  that  may  be  given 
by  a mixture  of  nitre  and  fugar,  in  which 
the  fweet  is  not  to  predominate  over  the 
mawkifli  tafle  of  nitre. 
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The  laft  fallow  cry ftals  obtained  in  thc^ 
fublimation  of  large  quantities  ;of;acetated 
volatile  alkali,  have  a tafte  not  unlike  that 
of  fugar  made  brown  and  empyreumatic  by 
fufion,  are  odorous  in  their  dried;  and 
coldeft  ftate,  find  fmell  like  the  yeaft  of 
fermenting  melaffes.  _ :: 

As  the  neutral  cryftals  of  acetated  vola- 
tile alkali  may  be  heated  and  fublimed  re- 
peatedly without  loling  the  alkali,  and  the 
folution  of  the  fame  fait  undergoes  a par- 
tial decompofition  in  diftillation,  the  fird; 
produdl  being  alkaline,  the  fecond  acid, 

■ and  the  dephlegmated  remainder  neutral ; 
water  appears  to  be  the  chief  agent  in  this 
decompofition,  and  to  have  confiderable 
I effedt  in  weakening  the  union  of  the  acid 
;and  alkali; 

This  acetated  volatile  alkaline  fait  copi- 
['Oufly  precipitates  nitrous  folution  of  filver, 
by  virtue  of  compound  affinities,  and  a con- 
ifiderable  predominance  of  acetous  acid  will 
mot  prevent  this  efFedt.  This  fadt  demands 

O confiderable 
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confiderable  attention,  in  the  ordinary  ufe 
of  the  folution  of  filver,  to  detedl  marine 
and  vitriolic  impregnations. 

The  fait  compofed  of  acetous  acid  and 
volatile  alkali,  can  not  be  decompofed  by 
lime  as  it  is  reprefented  in  Bergman’s 
Tables. 

A fmall  portion  of  lime  combines  with 
the  fait,  and  expells  a little  of  that  part  of 
its  volatile  alkali  which  is  fo  weakly  re- 
tained in  the  acetous  fait,  that  it  iffiies,  as 
we  have  obferved,  even  before  the  water, 
in  the  diftillation  of  folutions  of  this  fait. 


Every  ounce  of  the  neutral  fait  com- 
bines with  a penny-weight  of  the  lime, 
and  the  liquor  holding  a fait  of  three  che- 
mical, principles,  viz.  acetous  acid,  vola- 
tile alkali,  and  lirne,  may  be  evaporated  to 
the  confiftence  of  olive  oil,  without  depo- 
fiting  any  lime  or  loling  any  of  the  faline 
ingredients.  The  tafle  of  the  neutral  fait 
is  totally  altered  by  this  aifociation  with 
lime ; and  the  lime  may  be  recovered  by 
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precipitation  with  fixed  alkali,  and  will 
then  form  felinite  with  vitriolic  acid } fo 
that  it  undergoes  no  alteration. 

Magnefia  operates  in  a fimilar  manner, 
with  the  acetated  volatile  alkali  j and  when 
the  fait  of  three  principles,  whether  hold- 
ing lime  or  magnefia,  is  gradually  heated 
in  clofc  vefiels,  the  chief  part  of  the  ace- 
tated [volatile  alkali  fublimes,  white  at  firfi; 
and  afterwards  calom’ed ; but  that  part 
which  is  detained  in  the  earthy  matter  un- 
til it  fuftains  a greater  heat,  is  partially  at 
firft,  and  towards  the  end  totally  decom- 
pofed,  when  the  heat  is  increafed.  The 
volatile  alkali  mixes  with  the  oily  and 
watery  produ(5t,  which  is  fimilar  to  that 
of  acetous  acid  in  other  experiments  ; and 
the  quantity  of  fixable  and  inflammable 
air,  is  proportionate  to  that  of  the  acid 
detained,  until  it  fuftains  that  heat  which 
alone  is  in  all  cafes  fufficient  for  the  con- 
verfion  of  acetous  acid  to  water,  oil,  fixable 
and  inflammable  air. 
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In  this  treatment  of  acetated  volatile  al- 
kali, the  fmell  and  tafte  are  incredibly  va- 
ried, with  every  change  of  proportion  and  of 
the  degree  of  heat  which  the  principles  of  it 
undergo. 

The  refiduary  lime  or  magnefia  in  fuch 
diftillations,  has  all  the  appearances  and 
properties  of  the  like  relidues  from  ace- 
tous calcareous  fait  or  acetated  magneha. 

The  facility  with  which  volatile  alkali 
efcapes,  in  a very,  weak  heat,  from  acetous 
acid,  when  their  union  is  weakened  by 
water,  implies  that  the  like  decompofition 
may  more  eafily  be  effedled  when  the  acid 
is  held  by  matter  which  attrad;s  it  more 
forcibly  than  water,  and  the  alkali  meets 
fixable  air  or  other  matter,  fo  that  the  extri- 
cation of  the  acid  from  the  alkali  may  be 
effedte^  by  compound  affinities  : and  on 
this  ground  we  may  account  for  the  pro- 
duct of  volatile  alkali  in  the  difiillation  of 
mufiard,  opium,  tobacco,  and  of  divers 
other  vegetable  fubfiances,  whofe  decoc- 
tions and  infufions  are  neutral,  and  which 
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certainly  contain  all  the  principles  of  ace- 
tous acid,  becaufe  they  yield  fixable  air, 
inflammable  air,  and  oil  in  diflillation. 

i 

The  fame  properties  of  acetated  volatile 
alkali,  and  its  extreme  volatility  in  diftilla- 
tion  codtion  or  fublimation,  aflifls  us  in 
explaining  the  changes  which,  to  the  fur- 
prize  of  -the  ablefl:  chemifts,  are  produced 
by  the  codlion  or  diflillation  of  divers  ve- 
getables, particularly  thofe  arranged  in  the 
Materia  Medica  under  the  head  of  Anti- 
fcorbutics,  and  lead  us  to  a true  analyfls 
which  fliall  exhibit  the  quantity  of  this 
volatile  fait  or  of  its  principles,  as  well  as 
that  of  the  earthy  watery  and  fixed  faline 
matter  already  difcovered  in  vegetable 
bodies.  We  fee  that  the  purer  oily  mat- 
ter of  vegetables,  confifling  of  phlogiflon 
and  the  acid  principle  of  acetous  acid,  and 
which  fpontaneoufly  exhales  and  diffufes 
itfelf  in  air,  maintains  a great  part  of  its 
volatility  and  odoriferous  quality  even  in 
conjundlion  with  volatile  alkali  5 and  no- 
thing but  experiment  is  wanting  to  fhew 
volatile  alkali,  or  other  matter,  adling  a 
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rimilar  part  in  the  compofition  of  the  oily 
fublimates  refembling  camphor,  or  ben- 
zoin flowers,  and  in  the  more  faline  fubli- 
mates from  vegetable  fubflances,  all  of 
which  abound  with  our  oily  matter. 

The  appetence  of  fire  which  we  con- 
fiantly  experience  in  fixable  air,  and  the 
confequent  facility  with  which  it  is  ex- 
pelled from  bodies  by  fire;  the  like  ap- 
petence of  the  phlogiflic  and  acid  matter 
of  acetous  acid,  and  the  incapacity  of  even 
fixed  alkalies  to  retain  them  under  the  im- 
preflion  of  fire  ; the  efcape  of  acetous  acid 
during  the  codlion  of  the  folution  of 
acetated  vegetable  alkali ; and  in  a word 
the  recited  properties  of  acetated  volatile 
alkali,  point  out  to  us  the  laws  of  attrac- 
tion, or  ultimate  reafon  in  natural  philofo- 
phy,  by  which  we  are  to  account  for  the 
alkaline,  acid,  neutral,  aerial,  and  fixed 
products,  fo  diflimilar  in  property  and 
quantity,  which  the  very  fame  fubflan- 
ces  have  been  found  to  yield  in  codlion, 
fermentation,  putrefacflion,  diflillation  /fr- 
fe,  and  in  other  proceflTes. 
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The  fingular  relation  of  acetous  acid  to 
volatile  alkali,  lime,  and  magnefian  earth, 
whereby  three  or  more  of  thefe  may  be  held 
in  the  fame  fait,  is  to  be  conlidered  only  as 
one  of  many  inftances  of  the  capacity  of 
this  acid  to  form  faline  ] bodies  uncom- 
monly compounded,  infeparable  by  theufu- 
al  arts  of  crydallfation,  and  partially  or 
totally  convertible  by  heat.  This  is  to  be 
enumerated  amongft  the  caufes  which  pro- 
duce that  wonderful  variety  in  fubftances, 
every  one  of  which  abounds  with  the  prin- 
ciples of  acetous  acid ; and  it  is  alfo  to  be 
ranked  amongft  the  impediments  to  a corn- 
pleat  analyfis  of  vegetable  bodies. 

But  although  volatile  alkali,  induces  the 
varieties  and  appearances  lately  mentioned 
in  acetous  compounds,  it  is  to  be  obferved, 
that  it  is  not  more  effedlual  than  water  in 
impeding  the  converlion  of  the  acetous 
acid  by  fire  j for  fo  much  of  the  acetated 
volatile  alkali,  as  is  duly  igitned  in  any 
procefs,  undergoes  the  fame  decompofition 
that  happens  to  other  acetous  compounds ; 
a'nd  nothing  has  yet  been  difcovered  that 
' O 4 can 
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can  prevent  this  converfion  of  the  acetous 
acid  by  fire.  , 

- There  is  no  difiiculty,  therefore,  in  ac- 
counting for  the  ftain  left  on  the  retort  in 
fubliming  acetated  volatile  alkali ; for  the 
moats  and  duft  which  it  mufi:  necelTarily 
catch  from  the  air,  in  charging,  or  from 
the  retort,  however  clean  it  may  appear,  ad- 
ded to  the  matter  abraded  from  the  glafs 
during  the  operation,  and  aided  by  the  at- 
traction of  the  vefTel  to  the  fait,  are  fufiicient 
to  detain  a fmall  quantity  of  the  acetous 
compound,  until  it  acquires  the  heat  in 
which  every  fixed  matter  becomes  Itained 
with  the  refiduary  oily  matter  of  ignited 
acetous  acid.  This  notion  of  the  pheno- 
menon is  fupported  by  the  appearance  of 
fixable  air  mixed  with  a little  inflammable 
air,  at  this  period  of  the  procefs. 

The  varieties  of  fmell  and  tafl;e  which 
an  acetous  fait  exhibits  in  confequence  of 
variations  in  the  proportions  of  its  princi- 
ples, ferve  to  fliew,  that  in  the  analyfis  of  ve- 
getable and  other  bodies  which  differ  greatly 
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in  fmell,  tafte,  and  appearance,  we  are  not  to 
expedl  as  great  a difference  in  the  kinds 
of  matter  of  W'hich  they  are  compofed, 
but  are  more  likely  to  find  in  thoufands 
of  them,  little  or  nothing  more  than 
a certain  earth,  and  alkali,  and  phlogi- 
jfton  with  one  or  both  of  the  gravitating 
principles  of  fixable  air.  This  expref- 
fion  to  preclude  the  confideration  of  the 
matter  of  fire,  may  be  conveniently  ufed, 
until  we  find  by  dired  experiment  that 
this  matter  gravitates. 


SEC- 
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SECTION  XII. 

\ 

Preparatory  Experiments  on  red  Lead,  Lith‘ 
rage  and  Lead,  and  EJiimate  of  the  matter 
imbibed  or  expelled  in  calcination  and  re- 
duStion. 

TTTITH  a view  to  the  following  expcri- 
^ ^ ments  with  calces  of  lead  and  acetous 
acid,  I made  very  accurate  affays  of  lith- 
rage  and  red  lead,  the  .particulars  of 
which  I omit,  as  it  will  be  fufEcient  for  my 
prefent  purpofe  to  ftate  the  following 
fads. 

The  ordinary  red  lead  of  our  manufado-  • 
ries,  muft  be  flowly  dried  in  a heat  not  ex- 
ceeding 150  degrees,  before  the  weight 
can  be  afcertained  with  accuracy.  After 
this  the  quantity  of  water  that  can  be  ob- 
tained from  it  in  a greater  heat  is  very  in- 
conhderable,  even  when  the  heat  is  fuffici- 
ent  to  expel  fome  of  the  fixable,  phlogiflic, 
andempyreal  air  of  this  calx. For  experimen- 
tal ufe,  it  is  therefore  fufficient  to  expofe  it 

in 
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in  thin  ftrata  to  the  heat  above  mentioned 
for  five  or  fix  hours ; but  then  it  ought  to 
be  lifted  through  a fine  lawn  fieve,  in  order 
to  feparate  the  half  calcined  lead  that  is  ge- 
nerally to  be  found  in  it  j becaufe,  fome 
particles  of  the  metal,  during  the  calcina- 
tion, incrufi:  themfelves  with  the  calx,  and 
efcape  the  adlion  of  the  air,  and  the  fparks 
and  coal  dull:  blown  from  the  fire,  fall  on 
the  red  lead  during  the  procefs,  and  revive 
it  fuperficially  wherever  they  meet  it  duly 
heated.  For  this  reafon  the  quantity  of 
lead  found  in  the  bell  aflays  of  ordinary 
minium  is  variable,  and  is  always  greater 
than  that  which  the  fame  red  leads  affords, 
after  it  has  been  duly  feparated  from  the 
uncalcined  part. 

7680  grains,  or  16  ounces  of  red  lead, 
yield  6835. 2 grains  of  lead  in  redudion^  and 
therefore  844.  8 grains  are,  in  this  tranfi- 
tion, expended  ih  the  aerial  and  aqueous  pro- 
ducts of  the  procefs  j provided  the  redudion 
is  effeded  by  the  mere  abflradion  of  the  mat- 
ter which. was  imbibed  during  the  calcina- 
tion, and  does  not  require  anyfupply  ofphlo- 

to 
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fton  towards  thevivid  lead.  But  if  any  of  the 
phlogifton  employed  in  the  revival, is  imbib- 
ed by  the  metallic  earth  and  retained  in  the 
lead,  then  the  quantity  of  aerial  and  watery 
matter  expelled  from  y68o  grains  of  mini- 
um mufl  exceed  ,844.  8 grains,  by  this 
quantity  of  phlbgiilon.'"  Whether  any,  or 
what  quantity  of'  phlogifton  is  expelled  in 
the  calcination  of  lead,  is  a queftion  which 
cannot  yet  be  anfwered  with  precilion.  Ac- 
cording to  the  opinion  of  Mr.  Lavoifier, 
who  doubts  of  the  exiftence  of  phlogifton, 
the  calcination  is  effedted  by  the  mere  entry, 
and  combination  of  empyreal  air  v/ith  the 
whole  matter  of  the  lead,  and  the  redudtion 
mufl;  then  be  conlidered  as  the  refult  of  the 
mere  abftradllon  of  this  air.  Mr.  Kirvan, 
and  moft  other  able  philofophers,  incline  to 
the  opinion  that  the  greater  part,  though  not 
the  whole  of  the  phlogiftqn,  is  expelled  in 
the  calcination,  and  mufl:  befupplied  again 
from  a phlogiflic  fubftance  during  the  re- 
dudlion. 

After  due  confideration  of  the  fadls  on 
which  thefe  different  opinions  have  been 
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founded,  and  of  my  own  experiments,  I am 
perfuaded  toat  there  is  no  good  reafon  for 
doubting  the  exiftence  of  phlogifton  in  this 
and  other  calcinable  metals  : but  contrary 
to  the  opinion  which  I had  entertained  for 
many  years,  I am  forced  to  adopt  a new  mo- 
tion, that  the  air  imbibed  during  the  calci- 
nation of  lead,  unites  with  the  phlogifticand 
earthly  matter,  but  expells  little  or  none  of 
theformer,and  that  little  or.none  of  the  phlo-  , 
giflon  ufed  in  the  reduction  of  minium, enters 
into,  or  contributes  to  the  weight  of  the 
lead,  but  that  it  is  almoft  wholly  expended 
in  combining  with  the  pure  air  of  the  calx 
and  facilitating  the  expullion  of  it. 

Mr.  Cavendilh’s  experiments  lliew,  that 
the  gravitating  matter  of  light  inflam- 
mable air  is  phlogifton  ; and  the  elafticity 
of  this  fluid,  as  w'ell  as  the  fire  emitted  dur- 
ing the  union  of  its  gravitating  matter  wdth 
empyreal  air  to  form  water,  Ihew  its  af- 
finities to  fire  and  empyreal  air,  and  its  ap- 
titude to  render  thofe  bodies  combuftible, 
that  hold  it  in  combination.  But  as  lead, 
like  other  metals,  is  combuftible,  though 

not 
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not  in  fo  high  a degree  as  zinc,  and  as  it 
yields  inflammable  air  in  folution,  though 
not  fo  copioufly  as  zinc  or  iron,  it  manifeftly 
contains  phlogifton. 

In  the  calcination  of  mercury  in  contadl 
with  emp/air,  the  latter  is  imbibed  to  a 
quantity  equal  to  -f  of  the  weight  of  the 
mercury,  as  Mr.  Lavoifler  has  fhewn; 
but  during  the  calcination  nothing  is  emit- 
ted, and  by  the  expulflon  of  the  emp.  air, 
and  without  any  aid  of  phlogiftic  matter, 
the  mercury  recovers  its  former  metallic 
condition.  Mercury  in  thefe  experiments, 
and  the  noble  metals  in  others,  are  found 
capable  of  imbibing  air  and  becoming  calci- 
form  without  loflng  any  phlogifton;  and  all 
the  appearances  that  have  been  thought  to 
indicate  the  expulflon  of  phlogifton,  during 
the  folution  of  mercury  and  of  the  perfeeft: 
metals,  are  fallacious,  flnee  we  know  that 
the  abftradion  of  the  pure  air  from  the-acid 
employed,  leaves  the  remainder  of  jt  in  that 
flate  which  we  have  been  ufed  to  oall  phlo- 
giftic, if  not  truly  phlogifticated. 
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Lead  diffufed  in  quick-filver,  was  found 
by  Dr.  Prieftly  to  phlogifticate  atmofpheric 

air,  and  this  is  now  known  to  imply  that 
the  lead  imbibed  empyreal  air.  Lead  thus 
deprived  of  its  aggregation,  as  it  is  in  fufion, 
and  freely  expofed  to  pure  air  by  agitation, 

becomes  calciform  whilft  it  imbibes  the 
air,  but  emits  nothing  that  glafs  can  re- 
tain, and  confeqnently  nothing  of  the  phlo- 
giftic  kind. 

Omitting  other  analogies  and  arguments, 
I am  now  to  obferve  that  I have  frequently 
endeavoured  to  calcine  lead  in  contad:  with 
pure  empyreal  air,  and  to  trace  the  phlogifton 
which  is  generally  fuppofed  to  be  expelled. 
But  infurmountable  difficulties  attendedevery 
attempt,andthisone  particularly,  that  the  calx 
firfi:  formed  precluded  the  air  from  the  melted 
lead.  So  far  however  as  the  experiment  fuc- 
ceedcd,  I found  an  abforption  of  air,  but 
no  emiflion  of  any  thing  like  inflammable 
air,  nor  of  any  notable  quantity  of  water, 
which  was  indeed  the  expeded  produd. 

The  freer  and  more  rapid  combuftion  of 
sine,  indicates  a greater  quantity  of  phlo- 
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gifton  than  is  held  in  lead ; and  yet  in 
burning  zinc  with  pure  air,  I could  never 
difcover,  by  any  water  feparable  from  the 
calx,  that  its  phlogifton  was  difengaged  or 
expelled. 

I do  not  depend  on  the  accuracy  of  thefe 
experiments,  fo  far  as  to  affirm  that  no  wa- 
ter is  formed  during  the  calculations  of 
lead  or  of  other  metals,  and  that  none  of 
the  phlogifton  is  detached  in  confequence 
of  the  formation  of  water ; and  I am  aware, 
that  in  the  calcination  of  thofe  metals, 
particularly  iron,  which  contain  fome  of 
oar  oily  matter,  fome  fixable  air  is  formed. 
But  fince  we  are  not  authorifed  by  general 
analogy  to  fuppofe  that  lead  lofes  any  not- 
able quantity  of  its  phlogifion  by  the  cal- 
cination, fince  even  in  folution  it  yields 
very  little  inflammable  air ; fince  it  does 
not  detonate  with  nitre  ; and  yet  in  the  ex- 
periments above  mentioned  certainly  imbibe 
air  without  yielding  any  quantity  of  phlo- 
giflic  matter  or  water  that  might  deferve 
notice  in  the  following  experiments;  I 

ffiall 
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fiiall  not  helitate  in  affuming  the  lead  of* 
7680  grains  of  minium  at  6835,  2',grainSj 
and  the  other  matter  at  844,  8 grains ; and 
I may  on  the  fame  grounds  confider  the 
reduction  as  effedted  by  the  mere  expulfion 
of  aerial  matter,  without  inducing  any  con- 
flderable  error  in  the  following  eflima^ 
tions. 

Dr^  Prieftiey  has  fhewn  that  lead  expo- 
fed  to  the  heat  neceflary  for  its  compleat 
fufion,  becomes  lithrage  in  confequence  of 
the  emiflion  of  a certain  quantity  of  fix-* 
able  air  and  of  purer  refpirable  air  than 
that  of  the  atmofphere.  We  now  exprefs 
the  fadl  in  other  words  and  fay,  in  the  tran- 
fition  to  lithrage,  red  lead  yields  fixable 
air  and  empyreal  air  mixed  with  phlo- 
giftic  air  in  quantities  which  vary  in  the 
fuccefilve  portions. 

As  the  relative  quantity  of  fixable  air  is 
greafefi:  at  the  commencement  of  the  pro- 
cefs,  and  gradually  becomes  lefs  as  that  of 
the  empyreal  air  encrcafcs ; and  as  this 
and  other  metalic  calces  are  always  found 

P to 
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to  hold  empyreal  air  more  obftinately  than 
fixable  or  phlogiftic  air,  under  ignition, 
we  may  fafely  conclude  that  well  fufed 
lithrage  ^retains  as  much,  or  very  nearly  as 
much  empyreal  air  along  with  a fmall 
quantity  of  phlogiftic  air,  as  it  exceeds  its 
proper  lead  in  weight. 

By  the  aftay  I find  that  7680  grains  of 

lithrage  yield  6924  of  lead ; and  for  the 

reafons  above  mentioned,  this  quantity  of 

lead,  together  with  756'grains  of  empyreal 

and  plogiftic  air  are  fufficient  to  compofe 

7680  grains  of  lithrage.  According  to  this 

proportion,  6835.  a grains  of  lead  belong 

to  7581.  5 of  Lithrage,  ‘as  well  as  to  7680 

grains  of  read  lead,  which  has  been  found  to 

contain  this  quantity  of  lead  5 and  therefore 
/ 

the  quantity  by  which  76  80  grains  of  red  lead 
exceed  7581.  5 grains  of  lithrage,  in  both 
of  which  the  weight  of  lead  is  the  fame^ 
is  the  quantity  of  aerial  matter  which  is  ac- 
quired in  the  tranfadion  of  the  lithrage  to 
red  lead,  or  of  that  which  is  expelled  by 
fufing  the  red  lead  until  it  becoms  lithrage, 
viz.  98.  5 grains,  grains,  of  which  I find 
4 ■ 24 
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24  or  lefs  to  be  fixable  air,  and  about  74. 

5 to  confifi:  of  empyreal  air  mixed  with  the 
phlogiftic.  / 

Before  I difrnifs  this  fubjedt  I mufirobferve 
that  lithrage  by  due  calcination  forms 
red  lead,  and  that  I have  feen  this  procefs 
conducted  on  the  great  fcale  of  a manufac- 
tory. I alfo  can  affirm  from  experience, 
that  by  diftillation  in  glafs  velTels,  we  can- 
not difcoverall  that  red  lead  emitsduring  the 
fufion  and  tranfition  into  the  form  of 
lithrage,  becaufe  theveflel  is  always  corroded 
and  perforated,  before  the  central  parts  of 
the  charge  can  be  compleatly  melted.  When 
an  earthen  retort  is  ufed,  the  red  lead  cor- 
rodes it  and  expels  fome  aerial  matter  from 
it,  and  the  part  of  the  lithrage  which  in- 
finuates  itfelf  into  the  pores  of  the  veflel, 
being  heated  more  than  the  reft  of  the 
charge,  and  employed  in  vitrification,  lofes 
fome  of  the  proper  air  of  lithrage.  In 
trials  of  this  kind,  the  quantity  of  aerial 
matter  expelled  during  the  fufion  of 
ired  lead  into  lithrage,  is  much  greater 
flan  in  the  former,  and  exceeds  that  which 
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we  have  ftated  by  eftiniation  from  the  befi 

/ ‘ 

afTays^  ; 

On  due  confideration  of  the  nature  of  acids, 
and  of  the  agency  of  empyreal  air  in  metal- 
lic folutions  and  falts,  and  of  the  capacity 
of  Phofphorus  to  imbibe  empyreal  air;  the 
experiments  of  Mr.  Sage  for  the  revival  of 
metals  from  diluted  folutions  by  phofpho- 

rus,  will  be  found  to  exhibit  nothing  re- 
pugnant to  thofe  notions,  although  he  gives 
a different  interpretation  of  the  phenomena. 
On  the  contrary  we  may  difeover  in  thefe 
precipitations  the  ftridleft  conformity  with 
our  doctrine,  fince  thofe  are  the  moft  confpi- 
cuous  and  compleat,  that  arc  effected  in  the 
folutions  of  the  perfed;  metals  which  lofe  no 
phlogifton^by  folution,  or  in  the  folutions 
of  imperfed  metals  which  yield  the  fmalleft 
quantity  of  inflamable  air  or  phlogifton  in 
folution.  Mr.  Pelletier’s  experiment  for 
precipitating  reguline  arfenic  from  the  folu- 
tion of  acid  of  arfenic,  by  palling  inflam- 
mable air  through  it,  lliews  the  agency  of 
phlogifton  and  empyreal  air  in  the  humid 
way,  but  does  not  prove  that  the  privation 

of 
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of  the  phlogifton  reduces  arfcnic  to  an  acid, 
or  that  the  addition  offredi  phlogifton  is  ne- 
ceftary  to  reftore  the  arfenic  to  the  rcguline 
ftate ; much  lefs  does  it  ferve  to  ftiew  that 
lead  in  calcination  lofes  its  phlogifton,  or 
that  calx  of  lead  muft  imbibe  and  retain  the 
phlogifton  of  a reducing  flux,  before  it  can 
form  lead. 

In  like  manner  Dr.'  Prieftly’s  ingenious  ex- 
periment for  reviving  the  calx  of  lead  by 
light  inflammable  air,  does  notprove  that  any 
of  the  inflammable  air  unites  with  he  lead, 
but  {hews  that  the  phlogifton  of  the  inflam- 
mable air,  ferves  to  extricate  the  empyreal 
air  of  the  calx;  and  from  the  experiments 
of  Mr.  Cavendifti  on  empyreal  and  -inflam- 
mable air,  as  well  as  thofe  which  follow,  this 
extrication  feems  to  be  cflefted  by  the  con- 

verfi  on  of  the  empyreal  air  into  water,  by 
* 

means  of  the  phlogiftic  matter  of  the  inflam- 
mable air. 

I mention  thefe  particulars  in  order  to  ex- 
cite chemifU  to  a reviflon  of  the  phenomena 
on  which  the  dodtrine  of  phlogiftication 
and  dephlogiftication  of  metals  has  been 

P 3 founded. 
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founded,  and  to  caution  them  againfta  pre- 
cipitate condemnation  of  the  notion  that 
lead  lofes  little  or  no  phlogiflon  in  calcina- 
tion, and  that  its  calx  imbibes  as  little  from 
any  phlogiftic  body  during  the  redudtion.  If 
it  were  necelTary  to  the  purpofes  of  our  pre- 
fent  enquiry  that  I fhould  exprefs  my  opini- 
on, all  that  happens  to  lead  during  the  calci- 
nation and  reduction,  I fhould  fay,  the  em- 
pyreal air  imbibed  in  calcination,  is  retained 
along  with  the  proper  phlogifton  of  lead,  in 
a ftate  approaching  to  that  of  water,  in  the 
calx } and  when  bodies  which  can  engage 
this  empyreal  air,  and  form  it  into  water  or 
fxable  air,  are  duly  adminiftered,  it  is  de- 
tached, and  leaves  the  proper  phlogiflon  of 
the  lead  to  be  retained  in  its  former  ftate 
of  combination.  But  if  this  is  not  ftridly 
true  in  regard  to  thd^  whole  of  the  phlogifton 
of  lead,  it  approximates  the  truth  fufiiciently 
for  every  purpofe  of  our  prefent  enquiry. 
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SECTION  XIII. 


Dijiillation  of  two  pounds  of  red  lead  with 
half  a pound  of  acetated  vegetable  alkali, 

Having  found  by  former  experiments 
that  concentrated  acetous  acid,  whe- 
' ther  diredly  mixed  with  a triple  or  quadru- 
ple quantity  of  lithrage  or  red  lead,  or  ap- 
plied to  thefe  by  mixing  the  acetated  vege- 
table alkali  with  them,  revived  the  whole  of 
the  lead,  and  yielded  at  the  fame  time  a great 
quantity  of  denfe  inflammable  air  along  with 
the  fixable  ; and  wifhing  to  know,  firfl:,  the 
refultof  trials  with  fmaller  quantities  of  the 
acetous  acid,  and  then  the  fmallefl;  quantity 
with  which  the  redadlion  can  be  cfieded 
without  waflie  of  inflammable  air  or  phlo- 
giftic  matter,  I proceeded  as  follows. 

Two  pounds'averdupoife=i  3999grains  of 
fifted  red  lead  and  half  a pound,=3499.  75 
of  my  dried:  acetated  vegetable  alkali,  were 
ground  together,  and  diflUied  in  a Chelfea 
retort.  A more  compadt  veflfel  was  not 
neceflarv,  becaufe  I did  not  intend  to  mea- 
fure  the  water,  nor  aim  at  any  great  accu- 
racy 
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racy  in  regard  to  the  quantity  of  elaftic 
fluids.  The  meafures  in  which  thefe  were 
received  from  the  neck  of  the  retort  which 
was  lengthened  with  a flenderglafs  tube,  con- 
tained each  8.  5 cubic  inches,  and  the  quan- 
tity of  attnofpheric  air  included  in  the  neck 
of  the  retort  and  glafs  tube,  was  fo  fmall  as 
not  to  be  regarded  in  fo  great  a charge.  The 
following  table  exhibits  the  meafured  bulks 
of  the  recent  elaftic  fluids  expelled  during 
the  procefs.  The  firfl;  column  (hews  what 
meafures  were  adtually  examined ; the  fe- 
cond  reprefents  the  number  of  cubic  inches 
of  elaftic  fluid  emitted  at  any  period  after  the 
preceeding  raeafure  had  been  examined  : 
the  third  fhews  the  bulk  of  fixable  air  con- 
tained in  the  correfponding  meafure  of  the 
mixed  airs,  and  the  fourth  fiiews  the  cubic 
inches  of  phlogiftic  and  inflammable  air 
which  iffued  along  with  the  correfponding 
quantity  of  fixable  air.  It  is  to  be  obferved  ^ 
however,  that  the  two  laft  columns  are 
formed  on  the  fuppofition  that  the  proporti- 
ons of  the  elaftic  fluids  to  each  other  in  the 
meafures  which  were  examined,  did  not  dif- 
fer much  from  thofe  of  the  intermediate 
portions  which  were  not  tried. 

meafure 
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When  I had  thus  expelled  47 5 mcafures 
or  4037.  5 cubic  inches  of  elaftic  fluid,  and 
could  obtain  no  moreby  a heat  fufficient  for 
the  compleat  redu6lion  of  red  lead,  and  con- 
tinued for  more  than  15  minutes,  I quickly 
drew  away  th'e  fire,  in  order  to  prevent  the 
wafte  of  lead  or  erofion  of  the  retort.  When 
all  was  cooled,  I found  the  alkali  of  the 
acetous  fait  lying  over  the  lead,  and  tailing 
cauflic,  but  yet  containing  174  grains  of  fix- 
able  air,  and  perhaps  a little  of  the  matter 
of  the  retort  which  the  lithrage  might  have 
corroded  before  it  was  revived.  The  lead 
which  formed  a mafs  at  the  bottom,  toge- 
ther with  the  globules  that  adhered  to  the 
fides  of  the  retort  and  could  be  colledled, 
weighed  12439  grains;  but  as  the  lead 
ought  to  have  weighed  12459.  i according 
to  formier  experiments,  the  fmall  particles 
that  could  not  be  detatched  and  colledted, 
weighed  about  20  grains. 

The  lead  of  the  minium  employed  in 
this  experiment,  being  12459.  i grains, 
the  whole  of  the  aerial  matter  of  the  red 
lead  was  1539.  9 3 and  allowing  43  grains 

for 
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for  fixable  air,  and  30  at  the  utmoft  for 
phlogiftic  air,  for  reafons  which  will  ap- 
pear hereafter,  the  empyreal  air  of  the  mi- 
nium amounted  to  1466.  9 grains.  The  fix- 
able  air  of  the  meafures  which  were  examin- 
ed,was  neceffarily  imbibed  into  lime  liquor, 
and  thus  meafured  before  it  had  cooled  to  the 
mean  temperature,  at  which  it  would  mea- 
fure  lefs  by  a feventh,  and  weigh  1043.  37^ 
grains.  This  and  174  grains  retained  in 
the  alkaline  fait  make  1217.  372  grains  of 
fixable  air,  to  which  the  red  lead  alone  con- 
tributed 43  grains;  and  thus  the  produdt 
of  fixable  air,  from  the  acetous  fait  and  em- 
pyreal air  of  the  red  lead,  appears  to  be 

1 174.  372  grains, 

} 

The  art  of  meafuring  the  phlogiftic  air 
that  was  mixed  with  the  inflammable  air  will 
be  fhewn  hereafter;  here  I am  only  toobferve, 
that  the  utmoft  weight  of  the  phlogiftic  air 
of  this  experiment  did  not  exceed  37.  7 
grains,  of  which  the  minium  alone  might 
have  yielded  30  grains,  and  the  acetous 
fait  furniflied  the  renfiainder. 
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The  1535  cubic  inches  of  inflammable 

air  were  not  of  the  heaviefl;  kind;  but  at  a 

medium  of  the  heavy  which  ilTued  firft  and 

the  lighter  which  was  lafl:  expelled,  the 

whole  weighed  about  300  grains. 

/ 

In  the  acetous  fait  employed,  the  acid  and 
water  amounted  to  1739.  396  grains,  and 
the  utmofl;  quantity  of  acid,  abflradled  from 

•s 

water,  was  fcarcely  869.  698  grains.  But 
of  this  quantity  7.  7 grains  were  of  phlogi- 
flicated  air  and  300  grains  were  expended 
in  making  inflammable  air,andonly  561.998 
grains  contributed  to  the  formation  of  1 174. 
372  grains  of  fixable  air  produced  from  the 
. the  acid,  and  the  empyreal  air  of  the  red  lead. 

As  the  experiment  and  menfuration  could 
not,  for  the  foregoing  reafons,  go  further 
than  to  approximate  the  truth,  I contented 
myfelf  with  the  following  inferences. 

As  the  .quantity  of  the  acid  which  con- 
tributed to  the  formation  of  fixable  air, 
fcarcely  amounted  to  561.  9 grains,  and  the 
quantity  of  fixable  air  produced  from  this 

and 
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and  the  empyreal  air  of  the  red  lead,  was 
1174.  3 grains,  this  laft  air  muft  have  en- 
tered into  the  compohtion  of  the  fixable 
air  and  formed  one  half  of  its  mafs  and 
weight,  ora  great  deal  more.  But  fince  the 
portion  of  acid  thus  expended,  could  yield, 
by  mere  ignition  and  without  the  acid  of 
the  empyreal  air  of  the  red  lead,  a great 
quantity  of  fixable  air,  by  reafon  of  the  em- 
pyreal air  which  is  a conftituent  principle 
of  acetous  acid;  the  empyreal  air  mufl  have 
made  near  ^ of  the  weight  of  the  fiaxble  air 
found  to  have  been  formed  of  the  mere  acid 
and  the  empyreal  air  of  the  red  lead. 

As  the  gravitating  matter  of  empyreal  air 
makes  about  4 of  the  weight  of  the  fixable 
air,  and  as  1466.  9 grains  of  empyreal  air 
could  not  have  been  expended  in  making 
1174.  3 grains  of  fixable  air,  of  which  apart 
is  certainly  derived  from  the  mere  acetous 
acid ; and  as  none  of  the  empyreal  air  ifTued 
unaltered,  and  the  whole  of  it  was  expend- 
ed in  forming  new  compounds;  a confider- 
able  part  of  it  mufl  have  been  employed  in 

the 
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the  formation  of  water,  which  iffued  in 
vapour  at  every  period  of  the  procefs. 

In  this  water  we  trace,  in  conformity  to 
the  experiments  of  Mr.  Cavendifh,  the  phlo- 
gifton  of  that  part  of  the  acetous  acid’ which 
was  expended  in  the  fixable  air ; and  then 
infer  that  phlogifton  is  not  a necefiary  con- 
flituent  principle  of  fixable  air. 

Finally,  fince  there  was  a great  furplus 
of  inflammable  air,  but  none  of  empyreal 
air,  it  is  certain  that  the  quantity  of  acid 
employed  could  have  reduced  much  more 
red  lead,  and  engaging  more  empyreal  air, 
could  have  aflifted  in  forming  a much  great- 
er  quantity  of  fixable  air  and  water. 


■ SEC- 
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SECTION  XIV. 

Dijlillation  of  eight  ounces  of  lithrage,  with 
two  of  acetous  acid  previoufiy  dephlogiflicat^ 
ed  confderably  by  vitriolic  acid ; and  forma-^ 
tion  of fixable  airy  from  acetous  acid  and  em~ 
pyreal  air,  without  ignition. 


By  repeated  digeftions  and  diftillatlons 
of  acetous  acid,  from  oil  of  vitriol, 
I endeavoured  to  dived  it  of  fuperfluous  oil 
or  phlogidic  matter,  as  far  as  might  be 
done  without  decpmpofing  the  acid  totally. 
Eighfouncesaverdupoife=3499.75grainsof 
lithrage  were  ground  with  four  of  water, 
and  two  ounces=874.  94  of  this  acid  were 
gradually  added. 

A flight  intumfcence  enfued,and  fome  acid 
vapour  and  elaftic  fluid  efcaped  but  this 
lafl:  was  chiefly  the  interfticial  atmofpheric 
air  of  the  powdered  lithrage,  and  the 
quantity  of  the  former  was  too  fmall  to  be 
regarded  on  this  occaflon.  The  heat  did 

not 
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not  exceed  96  degrees;  for  the  acid  was  ad- 
ded in  fucceffive  portions,  and  much  weak- 
ened by  the  water  previoufly  mixed  with 
the  lithrage. 

In  thecourfeof  two  hours,  during  which 

1 

the  mixture  was  frequently  agitated  and 
ground  in  a porcelain  mortar  of  Mr.  Wedg- 
wood’s excellent  manufadlure,  the  lithrage 
became  white,  and  indeed  formed  white- 
lead.  A Wedgwood  retort,  'which  could 
retain  elaftic  fluids,  or  any  charge,  better 
than  the  common  Chelfea  retorts,  was 
charged  with  the  mixture,  fo  that  none  of 
it  was  left  adhering  to  the  neck ; and  my 
aparatus'for  faving  the  condenfible  vapour 
and  the  elaftic  fluids,  being  fitted  to  it,  the 
diflillation  was  carefully  conducted,  but  at 
the  fame  time  as  quickly  as  the  menfuration 
of  the  elaftic  fluids  would  permit. 

When  the  atmofpheric  air  included  in 
the  retort  and  receivers,  was  almofl;  all  ex- 
pelled, along  with  the  four  ounces  of  water 
ufed  in  the  mixture,  the  fubfequent  pro- 
dudtswere  meafured  thus. 


cub. 
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The  laft  portions  iffued  very  flowly,  and 
the  emiffion  ceafed  when  the  charge  was 
heated  fufficiently  for  the  redudlion  oflith- 
ragej  and  in  the  middle  and  latter  meafures, 
the  elaftic  fluids  carried  with  them  fome 
aqueous  vapour* 

Neither  the  firfl,  nor  any  fubfequent 
portion  of  the  water  collected  during  this 
difliillation,  fliewed  any  fign  of  acid;  but 
it*  was  ftrongly  impregnated  with  ethereal 
oil  of  acetous  acid,  fome  of  which  floated 
diflindt  on  it,  and  fome  was  expended  in 
greaflng  the  Recipients.  By  a trial  to  be 
related  hereafter,  I found  that  the  quanti- 
ty of  oil  was  not  lefs  than  lo  grains. 

The  quantity  of  water  was  greater  than  was 
employed  in  the  experiment,  including  that 
of  the  acid  ; but  the  encreafe  was  not  mea- 
fured,  becaufe  an  earthen  retort  admits  of  no 
accuracy  in  this  particular,  unlefs  it  be  of 
true  porcelain  well  glazed. 

On  opening  the  retort,  a large  mafs  of  lead 
was  found  at  the  bottom,  vdiich  with  the 
globules  colledled  from  the  fid  s,  weighed 

Q.  3125  grains  5 
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3125  grains j and  from  the  appearanc  of  the 
fiiialler  globules  whi'ch  I could  not  detach 
without  wafte,  it  was  manifeft  that  the 
whole  of  the  lead  was  revived,  and  that  if 
there  had  been  no  wafte,  it  would  have 
w^eighed  3155.  242  grains,  which  is  the 
whole  quantity  of  lead  obtainable  from  the 
3499.  75  of  lithrage;  the  aerial  matter  of 
which  amounts  to  344.  506  grains.  By 
firing'the  mixture  of  inflammable'and  phlo- 
giftic  air,  with  as  much  empyreal  air  as  was 
barely  fufficient  for  the  combuftion  of  the 
inflammable  part,  and  meafuring  the  bulk 
of  the  refiduary  phlogiftie  air,  I found  that 
the  66.  4 cubic  inches  of  the  mixed  airs 
eonflfted  of  20  of  phlogiftie  air  and  46.  4, 
of  inflammable  air. 

Deducing  7.  54  grains  which  is  the 
weight  of  the  20  cubic  inches  of  phlogiftie 
air,  from  344.  506  the  weight  of  all  the 
aerial  matter  of  the  lithrage,  we  find  the  em- 
pyreal air  of  the  lithrage  to  be  336.  9.66  grs. 

Of  the  inflammable  air  which  iffued 
at  the  commencement  of  the  procefs,  a 
Cubic  inch  weighed  260 ; but  a cubic  inch 
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of  that  which  was  laft  expelled  by  the 
greater  heat,  weighed  lefs  than  2.  grS:  and  ' 
by  the  noticed  decreafe  of  the  fpec.  gravity, 

I was  affured  that  the  mean  weight  of  23 
grains  in  a cubic  inch  might  be  aflumed  in 
computation,  and  that  the  46.  4 cubic 
inches  weighed  10.  672, 

The  inflammable  and  phlogiflic  airs  were 
meafured  at  the  due  temperature;  but  the 
fixable'air,  being  meafured  as  it  iflued  warm 
from  the  extremity  of  the  recipient,  con- 
tradled  in  cooling  to  the  mean  tempera- 
ture, by  one  fifth  of  its  bulk,  and  in  this 
lafl:  fliate  would  weigh  454.  632  grains. 

I 

According  to  Mr.  Kirvans  eftimation  j 
the  mere  acid  is  to  the  concomitant  water 
of  concentrated  acetous  accid,  nearly  as  19. 
to  49  : But  I have  reafon  think  we  are 
lefs  liable'  to  error  in  ftating  them  as  20  td 
48  i and  by  this  rule,  the  acid  employed^ 
amounting  to  874.  94,  contained  of  mere  - 
acid  and  its  phlogiflion  257.  335  grains,  and 
of  water  617.  604  grains. 

Qj2  Ai 


[ 23°  ] 

m 

As  the  inflammable  air  and  oil  were  de- 
rived from  the  acetous  acid  alone,  and 
weighed  20.  672  grains,  the  quantity  of 
the  mere  acid  otherwife  expended  was  236. 
663  grains. 

The  phlogiftic  air  inflammable  air  and  • 
oil  being  thus  accounted  for,  the  empyreal 
air  of  the  lithrage,  weighing  336.  966,  with 
236.  663  of  the  acetous  acid  abftrafled 
from  w^ater,  were  expended  in  the  forma- 
tion of  454.  632  grains  of  fixable  air,  and 
a quantity  of  water  not  afcertained  by  di- 
refb  menfuration,  but  which  mnfl:  be 
nearly  118.  997  grains,  becaufe  this  and 
the  fixable  air  make  the  weight  of  the  em- 
pyreal air  and  efficient  acid  lafl  mentioned. 

\ 

Now  it  is  to  be  confidered  that  the  ace-  : 
tous  acid,  when  by  mere  ignition  a part  of  j 


yields  a great  quantity  of  fixable  air,  which 


for  the  reafons  formerly  ftated,  is  proporti-  J 
onate  to  the  quantity  of  empyreal  air  which 
the  acid  contained.  In  this  cafe,  the  quaa-^ 
tity  of  fixable  air  producible  from  the  mere 

acid* 
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acid,  by  beat  alone,  is  not  lefs  than  one 
third  of  its  weight  j and  therefore,  with- 
out any  aid  of  the  empyreal  air  of  the 
lithrage,  the  whole  of  the  acid  employed 
in  the  experiment,  may  be  faid  to  have 
yielded  out  of  its  proper  matter  85.  778 
grains  of  fixable  air,  and  the  quantity  of  this 
laft  which  was  not  merely  extricated,  but 
formed  with  the  afliflance  of  the  empyreal 
air,  wasabout  368.  854  grains;  for  this  with 
the  laft  mentioned  proper  fiaxble  air  of  the 
acetous  acid,  makes  the  whole  of  the  fix- 
able  air  obtained. 

Deducting  the  inflammable  air  and  oil, 
the  quantity  of  the  mere  acid  otherwife 
expended,  appears  to  be  236.  663  grains ; 
and  deducting  from  this  the  proper  fixable 
air  of  the  acetous  acid  85.  778  grains,  we 
find  the  quantity  of  the  mere  acetous  acid, 
which  was  expended  in  the  formation  of 
fixable  air  with  empyreal  air,  and  in  the 
formation  of  water  and  revival  of  the  metal, 
to  be  150.  885  grains.  Thus.it  appeared 
that  the  utmoft  quantity  of  acid  matter 

Q 9 derived 
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derived  from  the  acetous  acid,  in  368.  854. 
grains  of  the  fixable  air  did  not  amount 
to  150.  885  grains,  but  fell  ihort  of 
this  weight  by  as  much  as  the  proper  fix- 
able  ait  of  the  acid  exceeded  85.77  grains, 
and  by  the  whole  quantity  of  phlogifton  ex- 
pended in  the  formation  of  water.  Dedu<3;- 
ing  this  phlogiftic  matter,  which  could  not 
be  lefs  than  17  grains,  the  acid  matter  in 
368.  854  grains  of  the  fixable  air,  did  not 
amount  to  133.885  grains.  Hence  it  was'in- 
ferred  that  when  the  acid  matter  of  acetous 
acid  is  employed  m excejjive  quantity  to 
form  fixable  air  with  the  empyreal  air  of 
lithrage,  the  fixable  air  may  confifl:  of  a little 
more  than  one  part  of  the  acid  matter  com- 
bined with  two  of  the  empyreal  air.  By  a 
more  accurate  eftimate  of  the  fixable  air  tak- 
en at  85  grains,  it  is  mofi:  probable  that  the 
proportions  would  be  found  to  be  accurate- 
ly two  to  one,  provided  fixable  air,  like  o- 
ther  acids,  may  not  fubfift  with  various  pro- 
portions of  the  empyreal  air. 

In  this  view  of  the  fubjcdl,  I could  not 
perceive  that  the  lithrage  imbibed  any  con- 
fiderable  quantity  of  phlogiftic  matter  fron> 

the 
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the  acid  employed ; for  admitting  that  in 
the  fixable  air  formed,  the  quantity  of 
matter  derived  from  the  acetous  acid,  was 
no  more  than  one  third  of  the  weight  of 
that  fixable  air,  and  confequently  only  122 
grains  inftead  of  133  as  it  was  dated;  no 
more  than  1 1 grains  of  the  acid  employed 
remain  unaccounted  for ; and  it  is  by  no 
means  probable  that  the  phlogiftic  matter 
appertaining  this  quantity,  could  have  pro- 

i 

duced  any  confiderable  effedt  on  eight  ounces 
=3499.75  grains  of  calx  oflead,ifithad  been 
really  dephlogifticated  during  the  calcina- 
tion. It  was  therefore  inferred  that  lead 
lofes  little  or  none  of  its  phlogifton  in  cal- 
cination, and  imbibes  none  during  the  re- 
duction ; but  that  in  this  latter  procefs,  the 
calx  of  lead  is  divefted  of  the  empyreal  air 
together  with  the  fmall  portion  of  phlogif- 
tic  air  which  it  imbibes  in  the  calcination. 

From  fome  of  the  phenomena  of  this 
experiment,  I fufpected  that  the  acetous 
acid  could  be  totally  converted  into  fixable 
air  and  water,  by  combining  with  empyreal 

0^4  air 
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air,  and  without  the  affiftance  of  fire.  I 
therefore  triturated  this  acid  diluted 
with  a quadruple  quantity  of  water,  with 
lithrage  in  various  proportions ; and  found 
that  the  quantity  of  mere  acid  that  was 
barely  fufficient,  by  frequent  trituration,  to 
make  the  lithrage  look  white  in  the  courfe 
of  two  days,  united  with  the  empyreal  air 
of  the  lithrage,  and  in  the  new  forms  of 
fixable  air  and  water,  formed  with  the  lead 
a calciform  mafs,  which  after  being  duly 
dried  and  powdered,  yielded  no  acetous 
acid  either  in  diflillation  or  in  folution  in  vi*- 
triolic  acid,  but  afforded  fixable  air  in  abun- 
dance, and  mixed  only  with  a very  Irnall 
quantity  of  inflammable  air* 

The  weight  of  the  fixable  air  was  always 
twice  greater  than  that  of  the  mere  acid 
abflradted  from  water ; and  in  fome  expe- 
riments it  was  flill  greater.  Thus  it  ap- 
peared that  fixable  air  may  be  made  of  its 
conftituent  principles,  without  the  aid  of 
ignition,  when  they  meet  unreflrained  by 
any  counterading  power  i and  that  when 
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acetous  vapour  or  denfe  inflammable  air 
meet  empyreal  air  without  forming  fixa- 
ble air,  the  counteradling  agent  is  no  other 
than  the  matter  of  fire,  which  caufes  the 
repulfion  of  their  parts,  and  confequently 
the  elafticity  of  thefe  fluids. 
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SECTION  XV. 


Redudiion  of  lithrage  a7id  red  lead  by  acetous 


acif  and  the  produdis. 


O prevent  the  wafte  of  acetous  acid 


JL  during  its  adfion  on  lithrage,  I poured 
two  ounces  troy=96o  grains  of  the  ftrong- 
eft  concentrated  vinegar  recently  procured 
from  acetated  vegetable  alkali  and  retain- 
ingallits  phlogifton,  into  four  ounces=i920 
grains  of  diftilled  water  and  adding  this 
gradually  to  i4ounces=6720  grains  of  lith- 
rage, I ground  them  together.  The  heat 
of  the  mixture  did  not  exceed  feventy  de- 
grees, and  little  or  nothing  was  emitted, 
except  the  intereflitial  air  of  the  lithrage 
powder,  which  caufed  a flight  intumef- 
cence. 

The  mixture  was  at  firfl;  quite  foft ; but 
after  being  ground  for  about  half  an  hour 
in  a porcelain  mortar,  it  grew  ftiff,  and  in 
two  hours  it  was  fufiiciently  dry  to  be  cut 
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into  flices  which  were  rather  friable  than 

> 

plaftic.  The  water  then  feemed  to  have 
been  engaged  in  the  faline  mafsj>  as  the  pro-? 
per  water  of  its  cryftals, 

Having  obferved  in  former  experiments 
that  this  acid  required  a good  deal  of  time 
to  combine  intimately  with  the  lithrage  and 
to  form  a mafs  refembling  white-lead  in 
colour,  I left  it  clofely  covered  for  24 
hours,  and  then  found  it  fo  hard  and  dry 
as  to  require  fome  force  in  cutting  out  that 
part  which  had  not  formerly  been  loofened 
from  the  mortar.  The  whitenefs  which  ap- 
peared in  the  fuperficial  parts  on  the  fird 
adion  of  the  acid,  gradually  improved  as 
the  mafs  dried,  and  at  lad;  was  almofl  equal 
to  that  of  w'hite-lead,  with  fcarcely  any 
appearance  of  the  lithrage  colour.  It  was 
then  diftilled  in  a Wedgwood  retort,  and 
the  produds  being  meafured  and  examined 
at  fhorter  intervals  than  thofe  expreffed  in 
former  experiments,  were  dated  thus. 

The  fixable  air  weighed  658  grains 

The  phlogiftic  air  20 

The  inflammable  3 
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No  oil  appeared  in  this  experiment,  and 
the  quantity  of  water  was  not  afcertainedj 
becaufe  in  the  quick  emiffion  of  the  elaftic 
fluids  a great  quantity  of  the  watery  va- 
pour was  wafted  along  with  them,  and 
more  was  condenfed  ini  the  meafures  than 
remained  in  the  recipient. 

In-  the  revival' of  lithrage  by  means  of 
acetous  acid,  charcoal,  and  other  fubflances, 
1 had  repeatedly  obferved  that  the  quantity 
of  phlogiftic  air  was  not  as  that  of  the 
phlogiftic  matter  employed,  but  as  the 
quantity  of  the  calx  reduced  to^  lead,  and 
concluded  that  the  phlogiftic  air  proceeded 
from  the  lirhrage  chiefly.  By  experiments 
of  this  kind  I am  now  perfuaded  that  in  the 
calcination  or  fcorification  of  lead,  the  calx 
imbibes  not  only  the  empyreal  air,  but 
fome  part  of  the  phlogiftic  air  of  the  at- 
mofphere,  and  that  the  quantity  of  this 
laft  varies  in  different  parcels  of  lithrage, 
from  ten  grains  in  i6  ounces  to  20  or 
more,  which  laft  was  the  quantity  in  this 
diftillation. 
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In  the  retort  I found  a mafs  of  lead  co- 
vered with  fmall  grains  and  globules  of 
of  the  fame  metal,  without  any  perceptible 
admixture  of  unreduced  lithrage,  all  to- 
gether weighing  6034.  5 grains.  The 
•lead  which  adhered  in  thin  plates  and  fmall 
globules  to  the  fides  of  the  retort,  and  could 
not  eafily  be  detached  or  weighed,  was 
eftimated  at  24  grains ; becaufe  this  quan- 
tity with  the  former  makes  6058.  5 grains, 
the  proper  lead  of  the  14  ounces  of  lith- 
rage. 

By  the  rule  formerly  eftablidied  the  aeri- 
al matter  difcharged  during  the  reduftion 
of  14  ounces  of  lithrage,  amounted  to  661 
grains;  and  as  20  of  this  quantity  con- 
fifted  of  phlogiftic ' air,  the  empyreal  air 
weighed  14^  * 4 grains.  But  as  none  of  this 
efcaped  unaltered,  it  muft  all  have  been  ex- 
pended 111  the  formation  of  fixable  air  and 
• water;  and  as  noneof  the  acetous  acid  efcap- 
ed unaltered,  that  part  of  it  which  was  not 
neceflary  towards  the  formation  of  water, 
was  expended  in  the  fixable  air  j and  the 
greater  part,  if  not  all  the  phlogifton  of  the 
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acetous  acid,  except  that  of  the  inflamma- 
ble air  which  efcaped,  appears  to  have  been 
employed  in  the  formation  of  water.  As 
this  acetous  acid  was  of  the  ftrongefl;  kind, 
and  neither  aerated  nor  deprived  of  any  oily 
matter  by  diftillation  with  vitriolic  acid 
we  cannot,  conflftently  with  the  experiment 
of  the  lafl;  fedtion,  eftimate  the  quantity  of 
mere  acid  and  phlogiftic  matter  at  lefs  than 
293  grains,  or  the  w^ater  at  more  than  667. 
But  as  three  grains  of  the  former  were  ex- 
pended in  inflammable  air  which  efcaped 
the  lithrage,  290  grains  of  mere  acid  and 
641.  5 grains  of  empyreal  a^ir  were  expend- 
ed in  the  formation  of  658  grains  of  fixa- 
ble air,  and  of  water  whofe  quantity  was 
273,  provided  no  part  of  the  phlogiftic  mat- 
ter of  the  acid  entered  into  the  lead.; 

This  quantity  of  water  required  39  grains 
of  phlogifton,  which  is  aimoft  a feventh 
part  of  the  acid;  and  about  one  fourth  of 
that  part  of  the  acid  which  forms  inflam- 
mable air  by  mere  ignition : and  in  this 
view  of  the  fubjed  Vve  find  no  reafon  for 
fuppofing  that  any  of  the  phlogifton  of  the 
acid  entered  the  lead  or  fixable  air,  or  that 

it 
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it  was  btherwife  expended  than  in  the  for- 
mation* of  water. 

If  the  quantity  of  water  amounted  to 
273,  not  lefs  than  234  grains  of  empyreal 
air,  were  expended  in  the  formation  of  it, 
and  the  remainder  of  the  empyreal  air,  viz* 
407.  5 grains,  was  employed  in  the  forma- 
tion of  fixable  air,  the  quantity  of  which 
would  be  61 1.  2 grains,  provided  the  em- 
pyreal air  be  to  the  other  matter  of  fixable 
air  as  two  to  one.  But  the  whole  of  the 
fixable  air  produced  was  658  grains,  if  not 
more  3 and  this  excefs  is  to  be  imputed  to 
the  fixable  air  which  the  acetous  acid  alone 
is  capable  of  producing  w'hen  ignited,  by 
reafon  of  that  empyreal  air  which  is  a con- 
flituent  principle  of  this  as  well  as  of  other 
acids. 

In  the  hafty  diflillation  of  recent  mix- 
tures of  lithrage  and  acetous  acid,  I have 
often  had  a greater  wafte  by  the  efcape  of 
inflammable  air,  and  fome  part  of  the  lith- 
rage remaining  unreduced,  whether  the 
quantity  of  acetous  acid  was  greater  or  lefs 

than 
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than  ig  here  reprefented ; and  in  repeated 
experiments  I have  obferved  that  the  intend- 
ed expenditure  of  the  acid  was  heft  effedt- 
ed,  by  finking  the  bottom  of  the  retort  an 
inch  or  two  in  the  fand-bed  of  a reverbera- 
tory furnace,  and  thus  caufing  the  fire  to 
aft  from  above  downwards. 

Having  mixed  concentrated  acetous  acid 
duly  diluted  with  water,  with  red  lead  in 
various  proportions,  and  heated  thefe  mix- 
tures in  the  manner  already  defcribed,  I 
found  the  products  and  phenomena  to  dif- 
fer from  thofe  lately  mentioned  in  nothing 
but  what  might  have  been  expedted  from 
the  greater  quantity  of  phlogifiic  and  em- 
pyreal air  contained  in  red  lead  with  the 
portion  of  fixable  air  already  noticed. 

The  quantity  of  inflammable  air  was 
fmallefl;  when  the  weight  of  the  red  lead 
was  to  that  of  the  acid  as  i6  to  2,  and 
then  did  not  exceed  five  grains.  The  great- 
eft  quantity  of  lead  reduced  by  two  ounces 
of  the  acid  did  not  exceed  eleven  ounces 
and  a quarter ; and  whenever  more  red  lead 

was 
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was  ufed  than  the  acid  could  reduce,  thefu,- 
perfluous  part  formed  lithrage  by  the  fu- 
lion,  and  emitted  the  quantity  of  fixable 
phlogiftic  and  empyreal  airs  which  it  ufual- 
ly  yields  in  the  tranfition  to  lithrage,  as  we 
have  ftated  in  the  12th  fedlion. 

In  thefe  experiments  it  always  appeared  that; 
much  more  acid  was  neceffary  towards  the 
revival  of  a given  weight  of  lead  from  red 
lead,  than  was  required  in  precipitating  the 
fame  quantity  from  lithrage : and  as  the 
calx  which  contained  mod  air  and  lead 
lead,  required  the  greater  quantity  of  acid 
for  its  reduction,  I had  this  additional 
ground  for  the  opinion  that  the  acetous  acid 
adls  rather  by  facilitating  the  expulfion  of 
aerial  matter  from  fuch  calces,  than  by 
contributing  any  thing  confiderable  towards 
the  mafs  or  weight  of  the  revived  lead. 

It  is  fcarcely  to  be  doubted  that  this  doc- 
trine is  applicable  in  other  metalic  reduc- 
tions effeded  by  fuel  or  fubdances  contain- 
ing our  oily  or  coaly  matter  ^ and  that  the 

quantity 
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quantity  of  empyreal  air  in  any  calx,  may 
be  determined  by  the  quantity  of  fixable 
air  and  water  emitted  during  the  fufion 
with  fuel  previopfly  divefted  of  fixable  air 
and  water. 


SEC- 
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SECTION  XVI. 

Dijiillation  of  lit  hr  age  with  acetous  acidj 
with  a view  to  the  menfuration  of  the  wa- 
ter formed^  as  well  as  to  the  other  produSls. 

Having  obferved  that  water  thrown 
on  a hot  earthen  retort  of  the  kind 
ufually  fold  in  London,  is  abforbed  into  its 
whole  fuLftance  j and  that  the  part  of  the 
water  which  penetrates  towards  the  inter- 
nal furface,  is  expelled  through  it,  into  the 
annexed  receivers,  where  it  may  be  con- 
denfed  I could  not  rely  on  any  experiments 
made  in  fuch  retorts,  in  regard  to  the  aque- 
ous products  of  the  charges,  fince  it  was  to 
be  apprehended  that  the  water,  impelled  by 
the  excentric  preffure  of  vapour  and  elaftic 
fluids,  might  be  expelled  through  the  re- 
tort much  quicker  than  it  is  tound  to  en- 
ter when  poured  on  the  heated  veflel : and 
as  the  more  compact  retorts  of  Mr.  Wedg- 
wood might  be  fufpedled  of  imbibing  fome 

R 2 water. 
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water,  and  perhaps  of  tranfmitting  it,  be-» 
caufe  they  were  not  glazed ; I made  the 
following  experiment,  with  a view  chiefly 
to  the  water  producible  in  confequence  of 
the  union  of  the  empyreal  air  with  the 
phlogiftion  of  the  acid. 

I mixed  an  ounce=48o  grains  of  my 
flrongeft  concentrated  acetous  acid  with 
four  ounces=i92o  grains  of  water,  and 
this  I ground  ten  ounces  4800  grains  of 
lithrage.  Having  ufed  the  precaution  of 
tying  a bladder  over  the  veffel  in  which 
the  mixture  w'as  made,  I was  alTured  that 
there  was  no  wafle  by  the  evaporation  of 
the  acid,  or  the  emiffion  of  any  elaftic 
fluid  different  from  the  interflicial  air  of  the 
lithrage,  which  the  water  alone  would  have 
expelled;  and  I could  not  perceive  that 
the  mixture  was  difpofed  to  drink  in  any 
of  the  atmofpheric  air  included  in  the  blad- 
der. 

In  this  confined  fituation,  It  became 
confident  enough  in  7 or  8 hours,  to  be 
formed  into  pellets;  but  to  make  them  pafs 

freely 
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freely  and  without  wafle  through  the  long 
and  flender  neck  of  aglafs  retort,!  left  them 
expofedtotheair  for  24  hours, in  which  time 
they  dried^fufficiently,  and  loft  168  grains 
of  the  water  employed.  The  glafs  retort, 
well  coated,  was  filled  to  the  helrti  with 
thefe  pellets,  and  heated  on  the  fand  bed  of 
a reverberatory  furnace,  from  which  its  neck 
extended  two  feet,  before  it  entered  the 
receiver,  to  which  it  was  well  faftened  with 
glue  lute.  The  atniofpheric  air  of  the 
veflels  is  not  regarded  in  the  following 
account,  becaufe  it  pafled  off  with  the  wa- 
tery vapour,  before  any  confiderable  quan- 
tity of  fixable  air  was  emitted. 


cub. in. 

iixable 

phlogillic 

ift.  25 

13 

12  with  very  little 

next  25 

19-5 

5.5  ditto  [inflam* 

• 25  ^ 

21.5 

3,5  ditto 

25 

22.1 

2.9  ditto 

25 

23-3 

1-7 

25 

23-3 

1.7  ditto 

At  this 

period  the 

retort  was  not  in  the 

leafl  reddened  in  any  part* 
R 3 
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cub, in. 

fixable 

phlogiftic 

25 

23-7 

1.3  ditto 

24.1 

9 

25 

24.1 

9 ditto 

25 

24.2 

8 

25 

24.2 

8 with  more  in- 

25 

24.5 

5 (flam. 

25 

24.6 

4 

2J 

24.6 

4 . . 

The  mixed 

airs 

as  they  iffued  fmelled 

like  acetous  Ether  ' 

or  nit  Ether,  and  water 

trickled  flowly  all  the  time  from  the  neck 

of  the  retort. 

but  there  was  no  appearance 

of  oil. 

25 

24.6 

4 ditto 

The  retort  was  not  yet  reddened. 

25 

24.6 

4 ditto 

25 

24.6 

4 ditto 

25 

24.8 

2 

25 

24.8 

2 ditto 

25 

24.9 

I 

The  retort 

was  ] 

tiow  red  hot,  and  water 

iffued  flowly. 

• 

• ’25 

24.9 

I 

25 

25 

0 

The 
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The  retort  was  hotter  than  would  be  ne- 
celTary  for  the  fufion  of  lithrage,  during 
the  emiffion  of  the  two  laft  meafures,  which 
was  very  flow ; and  no  more  could  be  pro-- 
cured  by  an  encreafe  of  heat  until  the  retort 
was  ready  to  melt,  when  I quickly  with- 
drew the  fire,  and  left  the  vefiTels  to  cool 
gradually.  The  elaftic  fluid  left  in  them 
was  fixable  air  and  meafured  fifty  cubic  in- 
ches, which  with  the  former  quantity  make 
600  cubic  inches. 

Of  this  bulk,  the  fixable  air,  which  was 
meafured  as  it  iflfued,  made  564.  9 cubic 
inches;  but  at  the  mean  temperature  it 
would  have  meafured  484.  2 cubic  inches, 
weighing  275.  994  grains. 

Of  the  phlogiflic  and  inflammable  air, 
meafured  at  the  mean  temperature,  after 
the  fixable  air  was  withdrawn  from  them, 
there  were  35.  i cubic  inches  at  leaft,  and 
by  the  method  already  defcribed,  I found 
the  bulk  of  phlogiilic  air  to  be  about  30. 
I cubic  inches,  weighing  ii.  347  grains, 
and  that  of  the  inflammable  about  5 cubic 

R 4 inches 
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inches  weighing  ac  the  utnioft  i.  305 
grains.  The  diftillation  was  flowly  and  J 
fteadiiy  performed,  and  lafted  four  hours  irl  j 
the  month  of  Auguft  1783,  from  the  time  \ 
when  the  fixable  aii*  appeared  until  the  fire 
was  withdrawn. 


The  water  condenfed  in  the  recipient  -j 
was  not  in  any  fenfible  degree  oily,  or  im-  \ 
pregnated  with  acetous  acid,  but  fmelled,  ] 
not  unpleafantly  of  the  inflammable  air.  It  ' 
was  quite  limpid,  and  including  ten  grains 
which  adhered,  to  the  veffels,  it  weighed  j 
2107  grains.  Of  the  water  mixed  with  the- 
acid  and  lithrage,  only  1752  grains  were 
included  with  the  charge,  becaufe  168 
grains  had  exhaled.  In  the  acid  employed  , 
the  water  did  not  exceed  333  grains,  the  / 
mere  acid  being  eftimated  at  145  grains  in 
480  of  this  concentrated  acetous  acid.  The 
whole  of  the  water  therefore  included 
with  the  charge  amounted  to  2087  grains 
which  is  lefs  than  the  quantity  found  in 
tke  receiver,  by  twepty  grains.  From  this  ; 
alone  it  appears  that  a confiderable  quantity  . 
of  water  w’’as  adually  forrried,  and  confe-  1 
4 quently  i 


I 


[ 251  ] 

quently  that  fome  of  the  empyreal  air  of 
the  lithrage,  with  phlogifton  from  the  ace- 
tous acid,  was  expended  in  this  way  : And 
the  emiffion  of  water,  during  the  whole  of 
the  procefs,  and  long  after  the  charge  had 
fuftained  a heat  fufficient  for  the  fulion  of 
lithrage,  cannot  be  fatisfadlorily  accounted 
for  on  any  other  ground.  But  it  is  further 
to  be  obferved,  that  a great  quantity  of  wa- 
tery vapour  was  wafted  out  of  the  receiver, 
along  with  the  warm  elaftic  fluids ; for 
whenever  I applied  a cold  and  dry  vefl'el  to 
receiv.e  them,  it  was  bedewed,  and  plainly 
(hewed  that  much  more  water  was  really 
formed  in  the  manner  already  mentioned, 
than  was  afcertained  by  diredl  menfuration. 

On  opening  the  retort,  I found  fome  of 
the  pellets  retaining  their  figure  } but  thofe 
which  lay  contiguous  to  the  veflTel  and 
were  heated  more,  w'ere  altered  in  this  re- 
fpedt.  The  former  exhibitedTn  a diflant 
view,  a fallow  green  colour  3 but  on  clofer 
infpeftion,  this  appeared  to  be  compounded 
of  the  dark  blue  of  minute  globules  of  lead, 
interfperfed  with  the  yellow  of  lithrage. 

The 
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The  other  pellets  funk  into  a mafs  confifting 
of  large  globules  of  lead  bedded  in  melted 
lithrage.  A more  compleat  fuhon  of  the 
lithrage  and  fublidence  of  the  lead,  in  the 
heat  above  defcribed,  thus  appeared  to  have 
been  prevented  by  the  expenditure  of  the 
fire  in  the  formation  of  the  elaftic  fluids 
continually  emitted  from  the  charge. 

The  whole  mafs,  carefully  feparated  from 
the  glafs,  weighed  4560  grains,  and  there- 
fore the  lithrage  which  was  reduced  to  lead 
yielded  240  grains  of  aerial  matter ; for 
this  lithrage  by  the  mere  expofure  to  the 
like  heat  was  found  to  yield  little  or  no- 
thing. 

Of  the  240  grains,  ii.  347  may  becon- 
fidered  as  the  weight  of  phlogiftic  air^  and 
228.  653  grains,  is  the  quantity  of  empy- 
real air. 

Out  of  145  grains  of  mere  acid,  i.  305 
were  expended  in  inflammable  air;  but  in 
confideration  of  the  fmell  of  the  water,  we 
may  Hate  the  expenditure  at  2 grains ; and 

then 
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then  it  will  appear  that  from  143  grains  of 
mere  acid  and  228.  6 of  empyreal  air, 
275.  9 of  fixable  air  were  formed,  and  the 
water  compofed  at  the  fame  time  was  not 
lefs  than  95.  7 grains,  although  fcarcely  a 
fourth  part  of  this  quantity  was  faved  in 
the  recipient. 

According  to  this  eflimation  82  grains 
of  the  empyreal  air  were  expended  in  form- 
ing water,  and  the  remainder  of  the  empy- 
real air=i46.6  grains,  was  employed  in  the 
formation  of  fixable  air.  But  if  the  mate- 
rials of  fixable  air  be  to  each  other  in  the 
proportion  lafi:  fiated,  this  quantity  of  em- 
pyreal air  was  expended  in  forming  219. 
9 grains  of  fixable  air,  and  the  acid  furnifii- 
ed  the  remainder,  by  virtue  of  its  proper 
empyreal  air. 

Now,in  comparing  the  products  of  different 
experiments,  and  allowing  duty  for  inac- 
curacies, we  find  ftrong  grounds  for  fufpeft- 
ing  that  the  proportion  of  empyreal  air  to 
the  other  matter  in  fixable  air,  is  variable ; 
and  that  this,  like  other  acids,  may  fubfifi: 

with 
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with  different  dofes  of  empyreal  air,  and 
may  vary  in  this  refpedt,  according  to  the 
circumftances  under  which  it  is  formed. 
This  is,  at  lead:,  a confideration  not  to  be 
negledted  by  future  experimenters. 


SEC- 
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SECTION  XVII. 


RegiiJization  of  Arfenic  by  acetous  acid. 
HE  flame  of  burning  regulus  of  arfenic. 


and  the  facility  with  which  it  enters 
into  combuftion  in  a moderate  heat,  im- 
preflTed  me  with  the  opinion  that  it  contains 
more  phlogifton  than  is  held  in  lead  or 
metals  which  exhibit  no  flame  or  vivid 
fparks  during  the  calcination,  and  that  if 
there  is  any  lofs  of  phlogiflon  during  the 
calcination  of  either,  that  of  the  arfenic 
mufl;  be  greateft.  In  this  cafe,  the  calx  of 
arfenic  would  not  only  require  a greater 
quantity  of  phlogifticated  acid  for  its  reduc- 
tion to  the  reguline  flate,  but  would  yield  a 
fmaller  proportion  of  fixable  air^  fince  the 
fixable  air  which  is  formed  by  the  afliftance 
of  empyreal  air  in  redudtions,  is  five  or  fix 
times  greater  in  quantity  than  that  which 
the  acetous  acid  alone  can  yield  by  ignition; 
But  if,  on  the  other  h^nd,  the  calx  of  arfenic 


Ihould 
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fliould  be  found  to  require  but  a fmall 
quantity  of  acid,  in  order  to  form  the  com- 
buftible  regule  ; and  if  the  quantity  reduced 
to  the  reguline  ftate  fhould  be  proportion- 
ate, rather  to  the  quantity  of  empyreal  air 
expelled  from  it,  than  to  the  quantity  of. 
phlogifton  derived  from  the  acid,  this 
would  Ihow  that  this  regule  lofcs  little  or 
none  of  its  phlogiflon  during  the  combuf- 
tion,  and  receives  as  little  in  the  reduflion. 

With  thefe  views,  and  not  without  ex- 
peftation  of  fliewing  the  great  quantity  of 
empyreal  air  which  this  regule  imbibes 
4uring  the  deflagration,  without  any 
eonfiderable  lofs  of  phlogiftic  matter,  and 
alfo  of  proving  the  greater  aflinity  of  empy- 
real air  to  the  acid  of  fixable  air,  than  to 
that  of  arfenic,  I made  the  following  expe- 
riment. 


I mixed  1749.  88  grains  of  my  acetated 
vegetable  alkali,  whofe  acid  and  water 
' 'Weighed  86.9.  715  and  its  alkali  880.  .165 
rgrains,  with  ’6999.  5 grains  of  cryftaline 
white  arfenic,  and  gradually  heated  the 

3 mixture 


[ 257  ] 

mixture  in  a glafs  retort  placed  in  a fand 
pot  and  connedted  with  the  ufual  appara- 
tus for  meafuring  the  elaftic  fluids.  Re- 
jedling  the  atmofpheric  air  of  the  veflfels,  I 
ftated  the  product  thus. 


cub. in. 

_ fix.  air 

phlogiilic 

firfl:  9 

1.8 

7.2 

next  9 

4 

^ phlogiftic 

9 

4-5 

4.5  ditto 

9 

5-5 

3.5  ditto 

9 

6 

3 ditto . 

9 

6-5 

2.5  ditto 

9 

6.8 

2.2  ditto 

9 

7.2 

1.8  ditto 

9 

7.6 

1 .4  ditto 

9 

8 

I ditto 

45 

43 

2 ditto 

45 

43*5 

1.5  ditto 

90 

88 

2 ditto 

90 

88.5 

1.5  ditto 

90 

88.5 

1.5  ditto 

90 

88.6 

1.4  ditto 

90 

88.4 

1.6  ditto 

90 
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8/  3 ditto 

^5-5  • 4'5-Pl^^ogiftic 

^4*5  5-5  ditto  with  very 

[little  inflam. 

Water  ftill  continued  to  trickle  from  the 
retort,  and  rolled  down  in  round  globules 
over  a thin  coat  of  reddifli  brown  , ar- 
fcnical  fublimate,  which  lined  the  lower 
part  of  the  neck  of  the  retort  through  its 
wholelength,and  was  afterwards  found  to  be 
regulus  of  arfenic  chiefly.  The  elaftic  fluids 
carried"  with  them  a denfe  white  vapour 
which  foon  condenfed  into  white,  and  part- 
ly into  reguline  arfenic  j but  ftill  fo  much 
arfenic  was  permanently  retained,  that  the 
claflic  fluid  fmelled  horribly  arfenical. 


90 

90 

90 


90 

84-3 

5.7  ditto 

90 

84-3 

57 

90 

84.2 

5.8  ditto 

90 

84. 1 

5.9  ditto 

90 

84 

6 ditto 

90 

84  . 

6 ditto 

90 

84 

6 ditto, 

90 

84 

6 ditto 

90 


90 

45c>. 

90 
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84  6 dittd 

84  6 ditto 

420  30  weakly  inflaiiii 

84  6 dittOi 


The  emiffion  of  air  being  very  flow,  al- 
though the  heat  was  encreafed  until  the 
retort  was  red  hot,  very  little  more  was  to 
be  expeded,  and  I withdrew  the  fire  to 
fave  the  retort  and  its  contents; 


Of  the  air  left  in  the  fetort  and  recipi- 
ents 33.  6 were  fixable  air  and  2.  4 cub* 
inches  were  phlogiftic  mixed  with  a very 
fmall  quantity  of  inflammable  air;  The 
fum  of  the  cubic  inches  of  warm  airs 


was 

2376 

of  warm  fixable  air 

2221. 

9 

the  phlog.  and  inflam,  air  at  the 

1 

mean  temperature  meafured 

^54*  I 

the  fix.  air  contradled  in  cooling 

by  4 of  its  bulk  and  meafured 

1851. 

584 

weighing  - 1055*403 

The  phlogiftic  air  weighed  56  grains 

and  the  inflammable  air  about  2 grains. 

S The 
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The  water  faved  in  the  recipient  weigh- 
ed 460  grains,  although  the  acetous  fait, 
which  was  dry,  could  not  have  yielded 
more  than  430.  7 grains.  Of  the  water 
formed  during  this  procefs,  we  may  fay 
that  about  30  grains  were  faved : but  a 
much  greater  quantity  was  manifeftly 
wafted  away  along  with  the  fixable  air, 
which  iffued  warm,  and  depofited  moif- 
turc,  as  often  as  the  fncceffive  portions  of 
it  were  tried  by  cooling  them  in  dry  vef- 
lels. 

In  the  retort  I found  3900  grains  of  regu- 
line  arfenic  fublimed  and  adhering  near 
the  helm.  The  neck  of  the  retort  was  alfo  ' 
lined  with  the  like  matter  in  a powdery 
form,  which  with  the  fmall  portion  blown  * 
forth  into  the  receiver,  weighed  37  grains  : ' 
and  the  whole  of  the  reguline  arfenic  did  ; 
not  exceed  3937  grains.  ; 

‘ i 

The  mafs  remaining  at  the  bottom  of-  | 

the  retort  fhewed  a granuilar  texture,  like  j 
that  of  fine  fugar,  and  had  a pearly  white- 
nefs.  It  appeared  to  have  been  i»  a fiate  j 

of  ! 
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of  perfect  fnfion,  and  tafted  like  neutral  ar- 
fenical  fait.  The  retort  fufFercd  fome  fu- 
perficial  erofion  at  the  bottom.  I feperat- 
ed  this  faline  arfenical  fubftance  into  two 
parts  ; one  confining  of  the  calx  of  arfenic  ' 
unaltered,  the  other  of  fuch  arfenical  fait 
as  I had  often  made  by  digefting  white  ar- 
fenic  with  cauflic  vegetable  alkaline  lixivi- 
um ; for  it  became  liquid  in  a boiling  heat, 
plaftic  and  repoy  in  a weaker  heat,  and 
quite  hard,  like  glue,  in  cooling. 

Thus  it  appeared  that  the  acetous  acid 
was  expended  in  reducing  a great  part  of 
the  arfenic  to  the  reguline  ftatCj  and  in  ex- 
tricating its  aerial  matter,  which  the  quan- 
tity of  fixable  air  fhewed  to  be  of  the  em- 
pyreal kind.  But  as  no  empyreal  air  was 
emitted  uncombined  ; and  as  the  refiduary 
arfenic,  whether  we  confider  the  portion, 
combined  with  the  alkali,  or  that  which 
was  only  detained,  remained  unaltered,  we 
may  conclude  that  this  part  contributed 
little  or  nothing  towards  the  elaftic  fluidsex- 
pelled  from’the  charge, and  that  3937  grains 
ofregule  of  arfenic,  in  the  tranfition  to  calx 
S 2 of 
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of  arfenic  or  white  arfenic,  imbibe  about 
56  grains  of  phiogiftic  ^air,  and  as  much 
empyreal  air  as  is  necefl'ary  for  forming 
1055.  4 grains  of  fixable  with  the  quantity 
of  acetous  acid  here  employed.  This  quan- 
tity was  eftimated  at  439  grains  of  mere 
acid  abn:ra(fled  from  water ; but  as  two 
grains  were  expended  in  inflammble  air, 
only  437  had  been  employed  m forming 
1055.  4 grains  of  fixable  air. 

In  confideration  of  the  fixable  air  alone, 
3937  gr^iins  of  regulus  yielded  618.  4 grains 
of  empyreal  air;  but  in  confideration  of 
the  water  formed,  we  mufl  allow  a much 
greater  quantity  of  empyreal  air  to  white 
arfenic,  together  with  -the  proportion  of 
phiogiftic  air. already  mentioned.  If  the 
proportion  of  aerial  to  reguline  matter, 
were  the  fame  in  white  arfenic  and  in  red 
lead,  the  regulus  in  this  experiment  could 
have  held  or  yielded  only  486.  5 grains  of 
air.  ; 

This  loofe  comparifon  of  the  neceftary 
quantities  of  acetous  acid,  and  of  the  aeri- 
al 
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al  matter  extricated  during  the  converfion 
of  white  arfenic  into  combuftible  regulus, 
and  calx  of  lead  into  metal,  and  the  expen- 
diture of  the  phlogifton  in  forming  water, 
in  both  inftances,  are  fufficient  to  Ihew 
that  the  alteration  is  effeded  in  one  as  well 
as  in  the  other  by  the  abifradion  of  aerial 
matter  ; lince  the  expenditure  of  the  phlo- 
giftic  body  is  as  the  quantity  of  aerial  mat- 
ter extricated,  and  not  as  the  weight  of  the 
regulme  or  metallic  mafs  produced  in  thefe 
experiments.  For  thefe  reafons,  the  gra- 
dations we  obferye  in  the  combuftion  of 
inetals,  regulus  of  arfenic  and  phofphorus, 
depend  rather  on  the  quantity  of  the  gra- 
vitating, .matter  of  empyreal  air,  which 
they  refpedively  imbibe,  and  of  the  fire 
confequently'extricated,  than  on  any  cir- 
cumftance  of  dephlogiftication.  Finally, 
fince  acetous  acid  duly  applied  is  as  effedu- 
al  in  the  formation  of  phofphorus  and  ful- 
phur,  with  their  refpedive  acids,  as  in 
that  of  regulus  of  arfenic,  and  in  metallic 
redudion,  the  attradion  of  empyreal  air 
to  the  acid  matter  of  fixable  air,  is  of  the 
ftrongefi:  kind,  and  muft  render  the  decom- 
pofition  of  fixable  air  excedingly  difficult. 

S3  SEC- 
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SECTION  XVIII, 

PraduBs  of  i6  ounces  of  Uthrage  and  one  of 
char  coaly  during  the  reduBion. 

SELECTED  pieces  of  well  burned 
charcoal  of  oak  were  put  into  a deep 
earthen  veffel  called  a long  pot,  and  cover- 
ed to  the  depth  of  an  inch  with  powdered 
charcoal.  The  pot  was  well  clofed  with 
a luted  cover,  and  kept  two  hours  in  a heat 
fufficient  to  melt  filver.  Then  it  was 
placed  in  fuch  a manner  that  the  powder 
might  remain  red  hot  for  fome  time 
after  the  pieces  next  the  bottom  had  cool- 
ed. This  was  done,  in  order  to  perfect  the 
charring,  to  make  the  lower  pieces  imbibe 
only  the  proper  inflammable  air  of  charcoal, 
fince  they  muft  imbibe  fomething  in  cool- 
ing to  prevent  their  abforbing  atmofpheric 
air,  and  efpecially  to  prevent  any  of  the  em- 
pyreal part  of  atmofpheric  air  from  enter- 
ing into  them, 

fome 
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Some  of  tbefe  pieces  being  brifkly  reduced 
to  fine  powder  in  a covered  mortar,  480 
grains  of  this  powder  were  immediately- 
mixed  with  7680  grains  of  powdered  lith- 
rage,  and  inftantly  charged  into  a coated 
glafs  retort,  for  in  other  experiments  I had 
obferved  that  fuch  charcoal,  more  freely 
and  longer  expofed  to  the  air  in  powder, 
drinks  in  w-ater  from  the  atmofpheric 
air,  and  that  480  grains  of  the  powder 
could  imbibe  four  or  five  grains  from  the 
air  in  half  an  hour. 

The  retort  being  placed  in  a reverbera- 
tory furnace,  with  its  bottom  funk  two 
inches  in  the  fand,  the  fire  was  mad6  to 
adl  llowly  on  it  from  above  downwards. 
The  products  during  the  reduction,  excln- 
iive  of  the  dilated  air  of  the  vefiels,  were 
noted  as  follows,  the  fixable  air  having  been 


meafured 

warm,  the 

reft  at  the  mean  tern 

perature. 

' 

cub.  ill. 

fix.  air 

phlogiftic. 

17 

5 

12  ditto 

. ^7 

1 1 

6 ditto 

S 4 17 
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cub.  in.  fixable 

phlogilltc 

^7 

16.5 

0.5  ditto 

17 

16.7 

0.3  dirto 

17 

16.8 

0.2  ditto 

17 

16.8 

0.2  ditto 

17 

16.8 

0.2  ditto 

Thirty  grains  of 

water  are  now 

the  recipient. 

17 

> 

16.8 

0.2  ditto 

The  retort  is  almofl  red  hot, 

17  16.8  0.2  ditto 

‘ 17  16,8  0.2  ditto 

85  84.6  0.4  ditto 

The  Retort  is  red  hot  throughout, 
85  84-7  0.3  ditto 


Water  drops  flowly  from  the  nozzle  of 
retort,  and^the  quantity  now  colledled  in 
the  recipient  is  about  40  grains, 

85  84.9  o.i  ditto 

85  , 84.9  0.1  ditto 


The 
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The  elaftic  fluids  now  ifTue  very  rapidly. 


cub.  in. 

fix  air 

phlogiftic 

8s 

■84,9 

o.i  ditto 

8S 

84.8 

0,2  ditto 

8S 

84*8 

0.2  ditto 

The  elaftic  fluids  iiTue  by  pulfes  and  the 
watery  vapour  is  vifible  at  its  exit  from 
the  nozzle  of  the  retort. 


8s 

84.7 

0.3  ditto 

8S 

84.7 

0.3  ditto 

85 

84.6 

0.4  ditto 

The  elaftie  fluid  continues  toilTue  rapid- 
ly, and  to  carry  watery  vapour,  and  more 

« 

water  is  collected  in  the  recipient,  amount- 
ing in  the  whole  to  feventy  grains  or  more. 


8s 

84 

I 

f containing  a lit- 
1 tie  inflam. 

8S 

83 

2 

C equal  parts  of 
[ phlog.and  inflam. 

8S 

. 79 

6 

almoft  all  inflam. 

8s  . 

74  . 

1 1 

ditto 

$ 

8S 

68 

17 

ditto 

34 

22 

12 

all  inflam. 

In 
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In  this  lafl:  is  comprehended  the  elaftic 
fluid  left  in  the  veflels.  Although  the 
heat  was  greatly  augmented,  the  emiffion 
was  now  fo  flow,  that  nothing  more  could 
be  expedted  by  any  degree  of  heat  that  the 
retort  could  fuftain ; I therefore  withdrew 
the  fire.  The  cubic  inches  of  hot  fixable 
air  were  1407.  6 j of  phlogiftic  and  in- 
flammable airs  71.  4,  of  which  44  were 
inflammable  and  27.  4 phlogiftic  air. 

By  cooling  feveral  portions  of  the  fix- 
able  air,  at  different  periods  of  the  procefs, 
and  allowing  . 57  gr.  to  each  cubic  inch 
of  it  in  the  temperate  ftate,  I eftimated  the 
weight  at  650  grains.  The  27.  4 cubic 
inches  of  phlogiftic  air  weighed  10.  329  gr. 
But  as  it  had  been  exceflively  agitated  with 
water unufually  thickened  with  lime,  I fuf- 
pcdled  that  fome  of  it  was  entangled  in  the 
lime,  and  had  eluded  the  menfuration.  It 
is  therefore  expedient  to  ftate  the  phlogiftic 
air  at  20  grains,  flnee  this  will  better  ac- 
cord with  other  experiments,  and  will 
create  the  leaft  error  here. 


The 
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The  inflammable  air  meafuring  44  cubic 
inches,  was  eftimated  at  feven  grains,  for  it 
was  lighter  fpecifically  than  any  that  had 
been  expelled  from  acetous  compounds. 

The  elaflic  fluids,  as  they  iffued,  fmclled 
agreeably  of  fixable  air,  and  of  nothing  elfe 
until  the  inflammable  air  appeared,  which 
imparted  its  peculiar  fmell  to  the  fixable 
air  that  accompanied  it.  There  was  not 
a particle  of  oil ; and  eighty  grains  of  wa- 
ter were  faved  in  the  recipient,  although 
a confiderable  quantity  was  certainly  waft- 
ed away  along  with  the  fixable  air ; for  dry 
meafures  were  foon  bedewed  with  it  in  eooU 
ing, 

When  the  helm  of  the  retort  was  broken 
off,  the  globular  part  with  its  coating  ap- 
peared like  an  earthen  veflel  well  glazed  on 
the  infide.  The  glafs  waS  not  much  cor- 
roded, but  was  indented,  near  the  upper 
part  of  the  charge,  by  maffes  of  lead : Thefc 
incircled  a much  greater  quantity  of  the 
metal,  divided  into  grains  and  drops  of  va- 
rious 
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rious  fizes,  by  the  interpofed  charcoal 

Having  carefully  feparated  the  lead  and 
charcoal  from  the  glafs,  I found  their  weight 
to  be  7200  grains,  of  which  the  charcoal 
made  more  than  half  the . weight  of  the 
quantity  emplpyed  j but  how  much  more  I 
could  not  afcertain  fatisfadiorily,  becaufe 
■a  little  of  the  lead  adhered  to  that  which  I 
feparated  mechanically,  and  fome  of  the 
charcoal  followed  the  lead  and  was  wafted 
in  the  fufton  of  it.  Another  circumftance 
contributed  likewife  to  prevent  my  know- 
ing the  exadt  weight  of  the  refiduary  char- 
coal; for  it  had  imbibed,  in  cooling,  fome 
cf  the  fixable  air  remaining  in  the  receiver, 

• and  perhaps  a little  atmofpheric  air. 

As  the  charcoal  expended  in  this  opera- 
tion was  certainly  much  lefs  than  half  an 
ounce,  = 240  grains,  and  I had  found  by 
other  experiments  fimilar  to  that  which  is 
next  to  be  related,  that  7680  grains  of 
lithrage  require  only  213.  7 of  charcoal 
. ' . for 
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for  the  redudtion,  I have  no  doubt  that  this 
lall  was  the  quantity  expended. 

The  quantity  of  earth  and  alkali  in  213. 
7 of  charcoal  being  too  fmall  to  claim  our 
attention  in  this  place ; and  the  phlogiftic 
airof  the  lithrage,and  the  inflammable  air  of 
thefuperfluous  charcoal,  having  contributed 
nothing  to^the  other  products  j we  may 
fay  the  empyreal  air  of  the  lithrage,  weigh- 
ing 736  grains,  together  with  213.  7 grains 
of  expended  charcoal,  produced  650  grains 
of  fixable  air,  and  a quantity  of  water  great- 
ly exceeding  that  which  was  fiived  : and 
fince  the  weight  of  the  efficient  charcoal 
and  of  the  empyreal  air,  making  949.  7 
grains,  exceeds  that  of  the  fixable  air  by 
299.  7 grains,  this  lafl;  appears  to  have 
been  the  quantity  of  water  formed,  though 
not  all  condenfed,  in  this  operation. 

To  form  this  quantity  of  water  42.  8 
grains  of  phlogifton  are  neceflary,  accord- 
ing to  the  admirable  experiments  of  Mr. 
Cavendiflij  and  as  there  is  no  reafon  for 
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fuppofing  that  the  charcoal  contained  mOr6 
than  this  quantity, which  is  of  its  weightj 
of  phlogifton,  no  part  of  this  laft  appears 
to  have  entered  the  lead,  or  contributed  to 
the  fixable  air,  or  to  have  been  otherwife 
expended  than  in  the  formation  of  water. 
By  this  computation,  no  more  than  17 r 
grains  of  the  expended  charcoal,  was  em‘- 
ployed  in  the  formation  of  the  fixable  air^ 
and  as  256.  8 grains  of  the  empyreal  air, 
were  expended  in  the  water,  no  more  than 
479.  2 grains  contributed  to  the  fixable 
air;  and  in  650  grains  of  it,  the  empyreal 
air  was  to  the  acid  matter  as  479.  l to  170. 
8 or  as  2.  8 to  I. 

This  proportion  differs  confiderably  from 
that  which  was  computed,  in  regard  to  the 
fixable  air  from  acetous  compounds ; but 
whether  the  difference  is  owing  to  an  er- 
roneous eftimation  of  the  mere  acid  in  ace- 
tous acid,  and  of  the  quantity  of  fixable 
air  which  it  can  yield  by  heat  alone ; of 
to  a capacity  ©f  the  principles  of  fixable 

air 
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air  to  unite  in  different  proportions,  when 
they  meet  in  different  circumflances,  or 
with  a great  excefs  of  one  or  the  other,  I 
cannot  yet  determine. 


S E C- 
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SECTION  XIX. 

TroduSls  in  the  reduBion  of  lithrage  and  calx 
of  mercury  with  the  fmallefi  quantity  of 
charcoaL 

IN  order  to  avoid  the  inconveniences  arif- 
ing  from  an  excefs  of  charcoal,  and  to 
find  the  greateft  quantity  of  lithrage  that 
can  be  reduced  by  a known  weight  of  it,  as 
well  as  the  produce  in  fixable  air  and  water, 
I made  the  following  experiment  with  120 
grains  of  charcoal,  and  7680  grains  of  lith- 
rage, prepared  and  mixed  in  the  mannef 
already  defcribed. 

A fmall  retort,  well  coated,  and  charged 
to  the  helm  with  the  mixture,  was  placed 
in  an  earthen  velfel,  and  furrounded  with 
as  much  fand  as  filled  the  fpace  between 
them,  and  was  fufficient  to  cover  the  helm 
and  a part  of  the  neck. 


I 


The 


[ 275  ] 

The  retort  thus  fecured>  was  made  to 
ftand  high  above  the  bed  of  the  furnace^ 
in  order  that  the  fire  might  a£t  equably  a- 
round  the  charge,  and  fufe  the  lead  into  one 
folid  rnafsj  of  which  no  part  fliould  be  lofti 
although  the  glafs  fliould  be  penetrated  by 
it.  Thefe  meafures  were  alfo  intended  to 
produce  a fteadier  emiffion  of  the  elaftic 
fluids  than  happened  in  the  preceeding  ex- 
periment. 


Rejefting  the  atmofpheric  air  of  the  vef- 
fels,  I meafured  the  products  of  the  charge 
gradually  heated,  thus. 


cub.  in. 

fixable  air. 

piiologlftic  air 

firftiS 

5 

next  1 8 

13.2 

^ g C phlog  air  with 
\ of  emp.  airi 

next  1 8 

15.6 

r phlog.  with  4 
^ i or  emp.  air. 

i8 

17.4 

6 5 with  4 

1 empyreal  air. 

i8 

17.8 

0.2  ditto 

i8 

17.9 

o.i  ditto 

i8 

17.91 

0 o„  5 with 

' ^ c T of  emp.  air. 

T 

After 
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After  the  3 2 cubic  inch  of  emitted 
airs,  ten  grains  of  water  were  faved  in  the 
recipient,  and  after  this  laft  meafure  about 
25  grains  were  faved. 


54 

53-73 

0.27  ditto 

90 

89.55 

0.45  ditto 

90 

89-55 

0.45  ditto 

Each  of  thefe  portions  in  paffing  in  large 
columns  into  the  common  air  through 
water,  fhewcd  watery  vapour  fufpended  in 
them,  and  bedewed  the  veflels  in  which 


they  were 

cooled. 

90 

89.55 

0-45 

ditto 

90 

89-55 

0-45 

ditto 

90 

89.55 

0-45 

ditto 

90 

89-55 

0.45 

ditto 

90 

89.55 

0.4s 

ditto 

90 

89.55 

0.45 

S phlog.  with  4 
\ empyreal  air. 

36 

35-8 

0.2  ■ 

J equal  parts  of 
f thefe. 

In 
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In  this  laft  is  included  the  air  left  in  the 
velTels  whilft  they  were  hot.  Towards  the 
end,  the  emiflion  gradually  decreafed  iri 
velocity,  and  it  ceafed  at  the  laft  cubic  inch, 
although  the  heat  had  been  more  than  fuf-* 
ficient  for  the  reduction  of  litharge,  for  15 
minutes.  The  fire  was  now  withdrawn. 

The  fum  of  the  cubic  inches 
Of  hot  fixable  air  was,  910.74 

Of  temperate  phlogiftic  air  23.09 

Of  temperate  empyreal  air  2.17 

The  water  faved  amounted  to  49  grains, 
although  a great  quantity  was  certainly 
carried  off  by  the  fixable  air,  notwithftand- 
ing  every  endeavour  to  moderate  and  equa- 
lize the  heat. 

The  fixable  air,  when  it  had  contraded 
by  cooling  to  the  mean  temperature,  was 
eftimated  at  384  grains,  at  the  rate  of  .57 
gr.  to  a cubic  inch  ^ but  I ftrongly  fuf- 
peded  that  the  fpecific  gravity  of  this 
fixable  air  was  not  fo  great,  and  confe- 

T 2 ■ quently 
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quently  that  the  abfolute  weight  was  lefs 
than  384.  The  phlogiftic  air  weighed 
8.704  grains,  and  as  fome  part  of  it  pro- 
ceeded from  the  unreduced  litharge,  which 
preyed  on  the  veflel,  and  yielded  fome  of  its 
empyreal  air,  the  phlogiftic  air  appertaining 
to  the  revived  litharge  may  be  ftated  at 
8 grains.  The  empyreal  air  weighed  0.91 1 
grains. 

In  the  retort  I found  a cake  of  litharge, 
a quarter  of  an  inch  thick,  vitrified  into  an 
opaque  yellow  flag  with  part  of  the  glafs  of 
the  retort,  and  the  erofion  extended  in  fome 
parts  through  the  coating  as  far  as  the 
fand  j but  yet  the  toughnefs  of  the  flag  pre- 
vented all  tranfpiration  in  this  quarter,  for 
the  refiftance  to  the  paflTage  of  the  elaftic 
fluids  into  the  meafures,  was  only  an  half 
inch  column  of  water. 

Under  the  litharge  I found  a mafs  of 
lead,  and  a few  large  grains  which  had 
bedded  themfelves  in  the  glafs,  all  together 
weighing  3888  grains.  There  was  not  the 
fmalleft  veftige  of  charcoal ; and  as  the 

earthy 
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earthy  and  alkaline  parts  of  it,  were  incon- 
fiderable,  and  were  vitrified  in  the  mafs 
already  mentioned,  they  did  not  retain  any 
aerial  matter  of  charcoal ; for  by  repeated 
experiments  I have  found  that  fuch  vitre- 
ous mafles,  and  even  the  fineft  flint  glafs, 
retain  nearly  the  whole  of  the  empyreal  air 
of  litharge,  but  cannot,  in  perfe<ft  fufion  to, 
fluidity,  hold  any  confiderable  quantity,  of 
fixable  air. 

Not  aparticle  of  inflammable  air  was  expeU 
led  in  this  experiment,  becaufe  the  litharge, 
in  the  degree  of  heat  neceffary  for  expel- 
ling inflammable  air  from  charcoal,  fur- 
nifhed  empyreal  air  enough  to  unite  with 
the  inflammable  air,  and  contained  a re- 
dundancy of  air  beyond  what  the  inflam- 
mable matter  of  the  charcoal  required.  A 
little  of  this  furperfluous  air  was  expelled 
by  the  great  heat  to  which  the  litharge  was 
expofed  and  in  the  adl  of  vitrification, 
for  when  litharge  forms  glafs  with  clay  or 
land,  it  parts  with  a little  of  its  emp.  air. 

T 3 
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As  the  lead  weighing  3888  grains, 
yielded  424.  513  of  air,  of  which  eight  may 
be  accounted  phlogiftic,  the  empyreal  air 
of  the  reduced  lithrage,  amounted  at  lead:  to 
416.  513.gr.  and  this  quantity  with  120 
grains  of  charcoal,  making  536.  513  gr. 
afforded  fcarcely  384  grains  of  fixable  air, 
andaquantity  of  water,  which  was  not  lefs 
than  152.  513  grains,  but  might  have  been 
more.  T o wards  the  formation  of  this  water, 

■ from  22  to  24  grains  of  phlogifton  were 
neceffary,  which' lad:  is  a fifth  part  of  the 
weight  of  the  charcoal,  by  this  approxima- 
tion we  account  for  as  much  phlogidon  as 
the  charcoal  can  well  be  fuppofed  to  con- 
tain. ' As  the  water  engaged  at  lead:  130 
grains  of  empyreal  air,  if  not  more  ; the 
fixable  air  engaged  about  287  of  empyreal 
air,  and  derived  about  96  or  97.  5 of  acid 
» matter  from  the  charcoal.  Thus  the  em- 
pyreal air  feemed  to  be  to  the  acid  matter 
in  this  fixable  air,  nearly  as  3 to  i ; and  if  the 

<1  . . . - 

weight  of  the  fixable  air  had  been  taken  at 
lefs  than  grains  in  a cubic  inch,  or  its  ab- 
folute  weight  had  not  been  overrated  by  affu- 
ming  a greater  fpecific  gravity  than  it  really 
' ■ ..  podefled 
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poflefTed,  the  proportion  of  the  empyreal 
air  to  the  other  matter  of  this  fixable  air 
would  be  perhaps  accurately  3 to  i , Regard- 
ing all  this  only  as  an  approximation  to  the 
truth,  and  trufting  that  the  errors  cannot 
be  fo  great  as  the  difference  between  3 and 

I am  of  opinion  that  fixable  air  formed 
>n  thefe  circumftanpes,  contains  more  em- 
pyreal air  than  is  in  the  ordinary  fort, 
and  that  whilft  fome  fpecimens  of  fixable 
air  have  but  4 of  their  weight  of  empyreal 
air,  others  have  ^ and  differ  in  fpecific  gra- 
vity ; the  circumftances  which  afford  this 
latter  proportion  being,  ftrong  heat,  and 
redundancy  of  empyreal  air. 

As  empyreal  air  is  a common  principle  of 
fixable  air  and  of  water ; and  as  it  adlually 
makes  water  with  the  phlogiflon  of  char- 
coal, at  the  fame  moment  that  the  like 
empyreal  air  engages  other  matter  of  char- 
coal, and  makes  fixable  air  with  it,  there  is 
no  ground  for  the  opinion  that  phlogiflon 
is  a neceflary  principle  of  fixable  air  j but  all 
our  experiments  confpire  to  fliew,  that  it 
confifls  of  the  gravitating  matter  of  empy- 

T 4 rea^ 
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real  air,  combined  with  that  acid  princi^ 
pic  which  is  common  to  acetous  acid,  oilsj, 
coal,  vegetables,  denfe  inflammable  air,  &c. 


But  as  every  acid  may  fubflfl;  partially 
phlogifticated  and  imperfectly  impregnated 
with  empyreal  air,  fo  may  fixable  air  j and 
it  is  to  be  expected  that  future  experiments 
will  fliew  conflderable  varieties  in  fixable 
air,  arifing  from  thefe  caufes,  and  difcover- 
able  by  the  fpecific  gravity,  the  menilrual 
powers,  and  the  different  bulks  imbibed 
by  water. 

By  the  quantity  of  elaflic  fluids  and  wa- 
ter, and  the  total  expenditure  of  the  char- 
coal in  the  formation  of  them,  it  is  now 
pretty  , certain  that  litharge  lofes  its  aerial 
matter,  but  receives  nothing  in  the  reduc- 
tion, and  confequently  lofes  none  of  its 
phlogifton  in  calcination  : It  is  therefore 
highly  probable  that  all  calcinations  and 
redudions  of  metals  are  effeded  in  the  fame 
wav. 
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In  the  redu(ftion  of  mercurius  calcinatus 
by  charcoal,  I have  found  that  water  is 
formed  as  well  as  in  the  redudion  of  lith- 
arge, befides  the  fixable  air  which  Mr.  La- 
voifier  had  noticed.  But  this  fixable  air  did 
not  appear  to  contain  more  than  4 of  its 
weight  of  empyreal  air;  and  in  this  inftance 
it  is  certain  that  no  part  of  the  phlogifion’of 
the  charcoal  is  neccfiary  towards  the  metal- 
lization, becaufe  the  empyreal  air  can  be  ex- 
pelled, and  the  mercury  may  be  revived, 
without  charcoal,  and  by  heat  alone. 

It  is  impofiible  for  a man  who  mufi:  em-^ 
ploy  the  greater  part  of  his  time  in  the  duties 
of  a profefiion  which  allows  no  vacation, 
to  fuperintend  fuch  experiments  as  thofe 
on  which  the  foregoing  eftimations  have 
been  founded,  from  the  commencement  to 
the  termination;  and  being  thus  circumftan- 
ced,  I think  it  necefiary  to  obferve,  that 
fome  part  of  every  one  of  thefe  experiments 
and  menfurations,  was  committed  to  the 
care  and  fidelity  of  my  operator.  If  any 
unintentional  errors  on  his  part  Ihould  hap- 
pen to  confpire  to  the  encreafe  of  mine, 

4 niy 
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my  eftimatlons  may  be  very  incorred:  in  re- 
gard to  the  proportions  ; but  I have  no 
reafon  to  doubt  that  the  notions  of  metal- 
lic redudion,  of  the  principles  of  fixable 
air  and  denfe  inflammable  air,  and  of  all 
that  does  not  depend  on  accurate  proportion, 
..will  abide  the  teft  of  future  experience. 


SEC- 
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SECTION  XX. 

t 


Phenomena  of  the  combujiion  of  denfe  infant-^ 
7nable  airy  and  of  fubjiances  containing  the 
acetous  and  phlogific  principles  j and  men^ 
furation  of  the  produdis, 

IN  order  to  fire  large  charges  of  inflam- 
mable air  without  wafte  or  danger,  I 
provided  glals  jars  that  were  ftrong  enough 
to  be^r  an  explofion  equal  to  that  of  a piftol 
charge  of  gunpowder.  The  cylindrical  ca- 
vity of  each  was  ten  inches  in  length  and 
one  in  diameter;  and  at  the  diftance  of 
A of  an  inch  from  the  bottom,  twp 
holes  were  drilled  at  right  angles  with  the 
axis  of  the  cylinder.  Into  each  of  thefe 
holesapieceof  brafs  wire,  ofaninch  in  di- 
ameter, rounded  at  one  end  and  ringed  at 
the  other,  was  cemented,  fo  that  the  dif- 
tance between  the  rounded  ends  within  the 
yeflel  did  not  exceed  of  ^0  inch,  and  that 

’the 
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the  ring  of  each  wire  did  not  project  above 
tV  of  an  inch,  for  longer  pieces  were  found 
to  be  inconvenient. 

By  thefe  means  I could  make  the  ele<5tri- 
cal*{park  taken  between  the  wires,  to  be 
great  or  fmall,  according  to  the  lize  or 
charge  of  a Leyden  jar,  employed  for  this 
purpofe.  That  part  of  each  exploding  jar, 
which  was  to  be  occupied  by  an  elaftic 
fluid  previous  to  the  ignition  by  the  eledtric 
Ipark,  was  graduated,  in  order  to  fliew  any 
errors  in  the  menfuration,  or  wafte  in  the 
introdudtion  of  them  ; and  alfo  to  fliew  the 
quantity  of  elaftic  fluid  remaining  after  an 
explofion. 

By  repeated  trials  I found  that  a cubic 
inch  of  the  due  mixture  of  inflammable  and 
empyreal' air,  was  the  greateft  quantity  that 
could  be  fired  at  once,  in  an  exploding 
jar  of  this  kind,  without  wafte  of  the 
quickfilver  in  which  it  flood  inverted,  and 
which  was  impreffed  and  agitated  violently 
at  each  exploflon  ^ or  without  manifeft  lofs 
of  the  inflamed  and  dilated  airs  : And  I 


was 
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was  convinced  that  the  brafs  wires  had  no 
fenfible  efFed  in  any  of  the  experiments 
that  I am  now  to  mention. 

To  hold  the  exploding  jar  In  the  re- 
quired pofition,  a brafs  collar  was  hiftened 
to  it  by  fcrewing  the  ends  of  the  collar  to- 
gether, and  a piece  of  brafs  proje<fting  from 
the  collar,  and  Aiding  into  a heavy  frame 
of  iron,  connected  the  whole,  fo  that  the 
exploding  jar  might  recoil  an  inch  or  a little 
more  j but  not  without  moving  the  whole 
frame,  which  refiAed  with  a force  of  14 
pounds. 

After  fome  trials  in  this  inArument,  I 
obferved  that  the  inAammable  air  which 
W'as  Arft  expelled  from  an  acetous  fait  by 
the  weaker  heat,  required  almoft  double  its 
bulk  of  empyreal  air  for  its  combuftion,  by 
reafon  of  the  ethereal  vapour  mixed  with 
it,  or  of  its  extraordinary  denfity.  But 
that  the  inAammable  air  expelled  laA  by 
the  Aronger  heat,  and  duly  feparated  from 
the  Axable  air,  required  much  lefs  empy- 
real air,  and  was  of  a rarer  kind,  a cubic 
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inch  of  it  weighing  fcarcely  ^ of  a grain; 
Even  this  inflammable  air  fuflfered  a confi- 
derable  diminution  of  its  bulk  by  repeated 
agitation  with  lime  liquor,  and  by  long  ex- 
pofure  to  water. 

The  difpofition  of  the  inflammable  aif 
from  acetous  falts,  to  vary  thus  by  time, 
by  the  unavoidable  walhing,  and  the  expo- 
fure  to  water,  as  well  as  by  the  degree  of 
heat  in  which  it  is  procured,  is  'apt  to  per- 
plex and  miflead  the  experimenter  j for  a 
flight  error  in  regard  to  the  fpecific  gravity  of 
the  inflammable  air,  induces  great  errors  in 
his  efliimation  of  the  produds  after  corri- 
buftion,  as  may  be  gathered  from  the  fol- 
lowing experiment. 

In  the  exploding  jar  I fired  a mixtures 
confifting  of  5.  5 cub.  inches  of  inflam- 
mable air  of  the  purefl:  kind  from  acetous 
calcareous  fait  and  which  had  been  well 
wafhed  in  lime  liquor,  and  of  7.  5 cub. 
inches  of  empyreal  air,  in  feparate  charges 
of  a cubic  inch  each,  and  transferred  the 
reliduary  air  of  each  explofion  into  a refer- 

voir. 
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voir,  through  mercury.  This  air  meafured 
five  cubic  inches  and  was  fixable  air,  which 
lime  liquor  readily  imbibed,  leaving  a fmalL 
bubble  of  phlogiftic  air,  not  worth  notice 
in  regard  to  the  weight. 

In  each  explofion  the  concuflion  of  the 

\ 

apparatus  was  violent,  and  the  vivid  red 
flame  Ihewed  that  the  charge  had  at  this 
inftant  expanded  to  eight  times  its  former 
bulk,  and  deprefifed  the  mercury  fo  far,  al- 
though in  the  next  inflant,  and  quicker 
than  the  eye  could  trace  it,  the  refidu- 
ary  air  meafured  only  half  the  charge  : 
foon  after  it  contracted  further  by  cooling. 

The  internal  furface  of  the  jar,  as  far  as 
the  mercury  had  been  deprefihd,  was  moif- 
tened  j and  this  with  the  water  which  en- 
circled the  mercurial  column  at  its  furface 
and  contiguous  to  the  jar,  fliewed  clearly 
that  the  water  formed  • was  a confiderable 
part  of  the  exploded  airs.  Until  it  appears 
that  fire  gravitates  fenfibly  in  the  quantity 
here  emitted,  we  mufl:  confider  the  quan- 
tity of  water  thus  formed,  to  be  equal  to 

that 
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that  by  which  the  weight  of  the  mixed  airs 
' exceed  that  of  the  fixable  air. 


The  weight  of  the  empyreal  air 
at  42 . grains  in  the  cubic 
inch  was 

Thatof  the  inflammable, at . agr* 
in  the  cubic  inch  was 
And  the  weight  of  both 
The  fixable  air,  at  * 57  gr*  to  the 
cubic  inch,  weighed 
Confequently  the  water  weighed 
Mr.  Cavendifli’s  ingenious  and 
accurate  experiments  fliew  that 
onefeventh  of  water  is  phlo- 
gifion,  and  the  remainder 
empyreal  air. 

in  the  formation  of  1.4  gr.  of 
water,  the  quantity  of  phlo- 
gifion  expended  was 
And  the  empyreal  air  expended 
was 

The  part,of  the  empyreal  air 
which  entered  in  the  com- 
pofitionof  the  fixable  air,  thus 
appeared  to  be 


3-  15 


1.  I 

4.  25 

2.  8^ 
I.  4 


I.  2 


I.  95 
And 
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And  the  quantity  of  matter 
furnifhed  by  the  inflammable 
air  towards  the  finable  air 
was  about  « o,  9 gr. 

By  other  experiments  and  the  fame  kind 
of  eflimation,  the  empyreal  air  appeared  to. 
conflitute  more  than  tv/o  thirds  of  the  fix- 
able  air,  and  in  fome  it  feemcd  to  be  accu- 
rately 4 i but  after  all  I continued  to  fufi^f 
pe<fl  that  the  proportions  of  the  principles 
are* not  the  fame  in  every  fpecimen  of  the 
elaflic  fluid  which  we  confider  as  fixable, 
air.  When  the  denfe  inflammable  air  firfl: 
expelled  from  charcoal  was  ufed,  the  refult 
was  nearly  the  fame.  And  from  the  whole 
I conclude,  that  vyhen  as  much  inflarnmable 
air  of  this  kind  is  employed;^  as  can  be  con- 
verted, in  the  explqfion,  by  the  empyreal 
air,  the  fixable  air  confifts  of  one  part  by 
weight  of  the  acid  matter  of  acetous  acid 
or  charcoal,  and  nearly  or  accurately  two 
parts  of  empyreal  air;  and  almoft  4 of  this 
kind  of  inflammable  air  is  phlogifton,  and 
the  remainder  mere  acid  bafis  of  fixable  air, 
and  of  acetous  acid,  charcoal,  oils,  fpirits, 

y ' and 
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and  of  all  fubllances  that  yield  acetous  aci4 
or  denfe  inflammable  air  abundantly. 

Nothing  appears  to  warrant  the  current 
opinion  that  fixable  air  contains  phlogiflon  5 
but  on  the  contrary  the  water  fliews  that 
the  attra(^live  forces  confpire  to  the  union 
of  the  phlogiflon  with  empyreal  air,  to  form 
water,  even  in  the  prefence  of  the  princi- 
ples of  fixed  air ; and  the  quantity  of  phlo- 
giflon  which  we' trace  in  the  water,  being 
4.  of  the  weight  of  the  inflammable  air,  is 
as  great  as  can  by  any  experiment  hitherto 
made,  be  fhewn  to  exifl  in  inflammable  air 
of  this  fpecific  gravity. 

When  I ufed  the  heavier  inflammable  ait- 
carrying  ethereal  vapour,  it  required  more 
empyreal  air  to  burn  the  whole  of  it,  fo  that 
no  inflammable  refidue  fliould  appear  after 
the  fixable  air  had  been  abforbed  by  lime-: 
liquor  j and  then  the  bulk  of  fixable^'  air 
was  greater  in  relation  to  that  of  the  in- 
flammable.. 

When  no  more  than  the  neceflary  quan- 
tity of  empyreal  air  was  ufed,  the  quan- 
tity 
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tity  of  phlogiftic  air  that  appeared  after  the 
cxplofion,  did  not  differ  fenfibly  from  that 
which  appeared,  by  other  experiments,  to 
have  been  introduced  in  the  empyreal  air 
or  the  inflammable  air:  It  was  greateff 
when  I ufed  inflammable  air  that  had  iffued 
at  the  commencement  of  a diflillation,  of 
that  had  been  long  expofed  to  water;  or 
when  I ufed  the  impure  air  expelled  from 
nitre;  and  it  was  leafl;  when  the  pureft  airs 
were  ufed.  Therefore  the  invariable  aftd 
proper  produdls  in  the  combuftion  of  derife 
inflammable  air  with  empyreal  air,  are 
flxable  air,  vvater  and  fire,  and  nothing  elfe. 

It  is  well  known  that  charcoal  continued 
to  yield  denfe  inflammable  air,  as  long  aS 
it  is  urged  with  intenfe  heat ; ‘and  if  the 
experiment  were  purfued  to  the  utmofl:  ex- 
tent, the  whole  of  it,  except  the  earth, 
might  be  converted  into  this  kind  of  air. 
But  even  from  charcoal,  the  air  firff  expel- 
led by  the  weaker  heat,  is  heavier  than  that 
which  is  afterwards  procured  b'y  intenfe 
heat.  And  as  the  heavieff  inflammable  air 
from  charcoal  or  acetous  compounds,  yields 

V the 
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the  greateft  quantity  of  fixable  air  in  com- 
bufiion ; whilfi:  the  light  inflammable  air 
of  metallic  folutions  yields  none,  as  Mr. 
Cavendilh  truly  maintains  j and  as  it  is 
certain  that  phlogifton  is  a common  prinr 
ciple  of  both,  the-  greater  fpepific  gravity 
of  the  former  is  to  be  imputed  to  the  acid 
jnattter. 

It  feems  therefore  that  the  proportions. 
In  which  the  acid  and  phlogiftic  matter  are 
combined,  in  different  fpecimens  of  inflam- 
mable air  expelled  from  vegetable  fubffan- 
ces,  do  vary  confiderably,  and  that  the  den- 
ier air,  containing  the  greater  quantity  of 
acid  matter,  is  more  eafily  expelled  than  the 
;^arer,  which  not  only  holds  phlogifton  in 
greater  proportion,  but  is  perhaps  more 
fully  faturated  with  the  matter  of  fire,  in 
confequence  of  the  predominance  of  phlo- 
giffon,  and  the  intenfer  heat  in  which  it  is 
always  formed,  • 

To  thefe  caufes  I would  impute  the  great 
fpecific  gravity  of  the  inflammable  air  of 
oils,  fpirits.  Ether,  refinous  fubftances,  and 
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of  that  which  mineral  fuel  emits  at  firft  in 
diftillation  ; and  the  lingular  levity  of 
the  inflammable  air  expelled  from  coal  by 
intenfe  heati 

In  the  cdmbuftidn  of  divers  fpecimens 
of  inflammable  air,  with  the  foie  view  of 
fatisfying  myfelf  that  they  all  could  yield 
fixable  air  and  water>  I occafionally  ufed  aii* 
expelled  from  nitre  by  heating  it  in  a coated 
glafs  retort.  Finding  that  the  firfl:  gallon 
or  the  fecond  was  not  fo  pure  as  the  four 
fubfequent  gallons  emitted  from  a pound 
of  the  pure  fait,  and  that  in  the  fubfequent 
meafures  the  impurity  encreafed*  I referved 
the  beft  for  ufe  j but  even  in  this  the  phlo- 
giftic  air  madeV^of  the  bulk ; for  this 
quantity  appeared  by  Dr.  Prieftly’s  tell  of 
nitrous  air,  and  by  expofing  the  empyreal 
air  to  the  folution  of  calcareous  liver  of 

fulphur.  ; ' . 

In  the  ufe  of  this  air,  or  of  inflammable 
air  equally  impure,  I found  that  the  phlo- 
giftic  air  introduced  in  either,  fuffered  little 
or  no  diminution  in  confequence  of  the  ex- 
U 2 -plofion. 
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ploflon,  w'ljsn  the  quantity  of  inflammable 
air  was  great  enough  to  employ  the  whole 
of  the  empyreal  in  the  formation  of  fixable 
air  and  water;  but  when  the  empyreal  air 
exceeded  this  proportion,  a part  of  the  phlo*- 
giftk  air  difappeared  : this  was  found  by 
expofing  the  produ^s  of  the  explofion,  firfl 
to  lime  liquor,  in  order  to  feparate  the  fix- 
able air,  and  then  to  the  folution  pf  calca- 
reous liver  o-f  fulphur,  which  after  imbi- 
bing the  empyreal  air,  flievved  the  quantity 
of  the  phlogiftic. 

r 

When  I had  ufed  the  proportions  in 
which  of  the  greatefl  diminution  of  the 
phlogiflic  air  had  taken  place ; the  water 
formed  at  the  fame  time  acquired  an  acid 
impregnation,  adted  on  the  meFcury,  and 
became  turbid  with  it.  The  mofl:  fa- 
vourable circumftances  to  the  produdlion: 
of  this  phenomenon  were,  the  redun- 
dancy of  empyreal  air^  and  the  repeated 
expofure  of  the  whole  refidue  of  an  ex- 
plpfion,.  to  the  fhock  and  flame  of  fubfe- 
quent  charges^ 


2: 


From 
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From  thefe  phenomena  I concluded  two 
years  ago,  that  the  gravitating  matter  of 
phlogiflic  air  is  contained  in  nitrous  acidj 
and  that  phlogiftic  air  in  the  circumftan- 
ces  now  defcribed,  contributes  to  the  for- 
mation of  an  acid  firongly  refembling  the 
nitrous.  This  did  not  amount  to  a clear 
knowledge  of  the  fubjedl, 

• But  Mr.  Cavendifh,  by  a happy  train,  of 
reafoning  from  experiments  devifed  by 
himfelf,  and  knowing  nothing  of  thofe 
which  I have  now  related,  has  clearly  fhewn 
in  the  lafl  volume  of  the  Philofophical 
, Tranfaeftions,  that  empyreal  and  phlogiftic 
air  expofed  to  eledric  fparksj  form  nitrous 
acid  j and  it  is  no  longer  to  be  doubted  that 
the  phlogiftic  air  was  thus  expended  in  my . 
experiments*  which  now  ferve  only  to  fug- 
geft  an  eafy  and  expeditious  method  of  mak- 
ing nitrous  acid  from  empyreal  and  phlo- 
giftic  air,  and  to  ihew  that  flame  or  due  ig- 
nition ferves  as  well  as  the  eledtric  fpark 

for  this  purpofe. 

» 

But  a?  there  was  no  appearance  of  nitrous 
acid  whilfl  the  inflammable  air  predomi- 
U 4 natefl 
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ftated  in  the  charge,  we  may  infer,  that  em-* 
pyreal  air  is  attracted  more  forcibly  by  the 
acid  matter  of  denfe  inflammable  air,  or 
of  the  bodies  which  yield  it,  than  by  that 
of  phlogiflic  air and  that  it  is  by  virtue 
of  this  fuperior  affinity,  that  all  vegetable 
and  other  fubflances,  abounding  in  our 
acid  matter,  and  deflagrated  with  nitrous 
fait,  engage  the  empyreal  air  of  the  ni  - 
trous acid  in  the  formation  of  fixable  air 
and  \Vater,  and  leave  the  refiduary  mattef 
of  the  nitrous  acid  in  the  form,  of  nitrous 
air  or  phlogiflic  aifif 

Tin  ini’bibes  more  air  in  (!:alcrnatIon  than 
any  other  metal,  unlefs  we  except  regUlusf 
of  manganefe  or  iron,  which  I have  not  tried.- 
Sixteen  ounces  of  tin  en'ere'afe  in  weight  to 
'lo  ounces  by  Caiein’lafion  : But  in  calcining' 
filings  of  fin  with  empyreal  air  I could  not 
difeover  any  cOnfidefable  quantity  of  fix- 
able air,  and  iron  produced  but  a little. 
As  we  do  not  find  fixable  air  in  the 
combuflions  of  zinc,  or  ph'ofphorus  of 
Runkel,  or  light  inflammable  air,  altho’'^ 
thefe  are  vivid  in  the  highefl  degree,  our 

acid 
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» 

acid  matter  is  not  a neceffary  agent  in  com-* 
buftion,  but  rather  feems  to  moderate  it; 
for  the  bodies  which  yield  the  greateft 
quantity  of  fixable  air  in  combuftion,  af- 
ford the  weakefi:  heat  and  illumination ; 
and  this  correfponds  with  the  capacity  of 
fixable  air  to  retain  a great  part  of  the  mat- 
ter of  fire  which  belonged  to  its  principles, 
and  the  inability  of  water  to  fix  any  confi- 
derable  quantity  of  the  matter  of  fire  be- 
longing to  empyreal  air  and  phlogifion  fe- 
verally*  Hence  it  happens  that  coak  makes 
a much  ftronger  fire  than  charcoal,  altho’ 
the  former  contains  ten  times  more  cineri- 
tious  matter  than  the  latter ; for  coak  yields 
lighter  inflammable  air,  and  affords  lefs  fix- 
able  air,  and  confequently  contains  lefs  acid 
relatively  to  its  phlogifton,  than  charcoal. 

' In  thfe  combuftion  of  charcoal  with  em- 
’ pyreal  air,  the  expenditure  of  the  latter,  in 
fixable  air  and  water,  was  always  found  to 
be  more  than  thrice  the  weight  of  the  char- 
coal. I could  now  eafily  afcertain  the  pro- 
portions of  thefe,  and  even  the  quantity 

of 


of  the  acid  and  phlogiftic  matter  in  this  and 
other  bodies ; but  as  my  prefent  purpofes 
are  anfwered  by  approximation,  I think  it 
unnecelTary  to  detain  the  reader  any  longer 
on  this  fubjedt. 


■ 'tJ 
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SECTION  XXI. 

Primary  notions  of  the  matter  of  Fire^ 

r order  to  fuggeft  a more  extenfive  ufe 
of  the  foregoing  obfervations,  and  to  fa- 
cilitate  the  explanation  of  certain  pheno- 
mena which  are  yet  to  be  conlidered,  I am 
now  to  propofe  a few  neceffary  notions  of 

the  matter  of  fire^ 

» 

I . Fhe  kind  of  matter  which  imprejjes  ns 
with  a fenfe  of  heat,  and  which  is  capable 
of  expanding  and  pervading  all  known  bo- 
dies, is  fubjeSl  to  laws  of  attraBion,  which 
fxes  and  difguifes  a certain  quantity  'of  it 
in  divers  fubftances',  and  this  matter  pro- 
i duces  the  effects  which  we  call  heat,  and  aBs 
I as  fire,  only  when  it  is  extricated  from  other 
kinds  of  matter » 

This  notion  needs  no  illuftration  or  fup- 
iportj  for  the  phenomena  which  confpire 
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to  imprefs  it,  are  very  numerous ; and  Black,  i 
Bergman,  Cavendifli,  Crawford,  Prieftley,  i 
Kirvan,  Lavoifier,  and  other  diftinguilhed  '| 

philofophers,  have  adopted  it.  i 

■: 


2.  T^e  homogeneal  parts  of  the  matter  of  \ 
fre  repel  each  other » 


This  repellent  property  Is  apparent  in  all 
the  procelTes  in  which  the  matter  of  fire 
is  extricated  from  the  grofier  and  gravita- 
ting parts  of  bodies.  The  chief  of  thefe 
procefl’es  are  the  mixtures  producing  heat, 
the  abforptions  of  divers  cold  elaftic  fluids 


'i 


caufing  heat,  vitrioll:^a{ions,  incalafcence 


ofpyrophori,  refpiratioh,  putrefadlion,  fer- 
mentation, and  combufiion.  In  all  thefe, 
the  matter  of  fire,  fo  foon  as  it  is  liberated, 
is.  found  by  its  peculiar  effedls,  and  the 
menfuiabie  decreafe  of  heat  at  encreafed 
diftances  from  the  fource  of  emifllon,  to 
move  excentrically  from  that  fource,  and 
to  decreafe  in  denfity.  But  as  this  hap- 
pens, whether  the  extrication  of  it  be  at- 
tended with  illumination  or  not,  it  indi- 


cates  nothing  that  is  confident  with‘ 


the 
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the  tenour  of  nature,  or  that  may  be  fug- 
gefted  by  analogy,  except  that  the  parts  of 
the  matter  of  fire  repel  each  other,  al- 
though they  certainly  are  attracted  by  other 
kinds  of  matter.  This  repellent  property 
is  equally  apparent  in  every  inftance  of  the 
formation  of.elaftic  fluids  from  aggregate 
bodies and  efpecially  when  t|iis  is  done 
by  mere  ignition.  But  as  thefe  inftances 
afford  another  inference  of  equal  ufe,  I fliall 
fubjoin  them  to  the  following  notion. 

3.  T!he  matter  of  fire^  by  virtue  of  the  re~ 
pulfion  fubffing  between  its  homogeneal  farts^ 
and  of  their  attraBions  to  the  parts  of  other 
matter i is  the  caufe  of  the  elajiicity  <f  aer  form 
fuids. 

This  notion  Is  neceffary  to  the  folution  of 
the  phenomena,  and  is  fupported  by  diredt 
evidence,  of  which  the  following  part  will 
be  fuflicient. 

Oils,  Refins,  vegetable  acids,  charcoal, 
and  divers  other  bodies,  are  almoft  totally 
convertible  into  fixable  air,  and  inflamma- 
ble 
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ble  air  by  fire.  Nitrous  acid  may  be  dev 
compofed  and  converted,  in  part,  into  empy- 
real air,  in  the  remainder  into  phlogiflic  or 
nitrous  air,  by  the  agency  of  fire.  The- 
whole  fubftance  of  folid  nitrous  ammoniac 
is  convertible  into  fluids  permanently  elaf- 
tic,  by  the  mere  adtion  of  fire.  From  the 
folid  aggregation  in  manganefe  and  other 
metallic  calces  and  in  divers  falts,  the  grofs 
matter  of  empyreal  air  may  be  propelled,  to 
form  an  elaftic  fluid,  by  fire ; fo  may  that 
of  denfe  inflammable  air  from  coak  and  di- 
vers hard  bodies ; that  ot  fixable  air  from 
flony  concretes  ,•  that  of  alkaline  air  from 
ivory,  Prufiian  blue,  and  microcofmic  fait  ^ 
that  of  vitriolic,  or  of  marine,  or  of  hepa- 
cit  air,  from  divers  folid,  faline,  or  fulphu- 
reous  compounds.  All  this  is  done  by  fire ; 
and  being  befl;  effedted  in  vefl'els  that  arp 
impervious  to  every  other  known  matter, 
amounts  to  a fatisfadlory  proof  that  the 
matter  of  fire  is  the  only  acceflTary  and  agent, 
in  the  converfion  of  folid  bodies  into  elaflic 
fluids,  and  in  the  maintenaAce  of  their 
claJlicity,. 

The 
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The  ele(5tflc  oiat^cr  is  not:  to  be  men- 
tioned in  objection,  unti^iit  is  proved  that 
it  does  not  itfelf  conhft;  of  the  matter  of 
fire,  in  a certain  modification  of  it,  depend- 
ing on  the  repujfive  property,  and  the  re- 
lations' to  grofs  matter,  which  we  are  now 
deferibing. 

i 

Seeing  this  extenfivc  agency  of  the  hery 
matter;  that  we  can  not  only  trace  it  into 
the  •fubje\fls  which  thus  become  perma- 
nently elaflic,  but  that  it  gives  a temporary 
clafticity  to  vapours  and  fublimates  ; feeing 
that  thefe  refume  their  aggregation  as  faft 
as  it  efcapes  from  them  ; that  its  union  in 
the  fluids,  to  which  it  gives  permanent 
clafticity,  may  be  further  proved  by  the  ex- 
trication of  it  from  every  one  of  them ; and 
that,  in  thefe  liberations  of  it  which  are 
daily  experienced,  in  the  abforptions  of  elaf- 
tic  fluids,  in  combinations,  and  in  combuf- 
tions  of  them,  the  emifTion  is  fo  copious 
as  to  remove  all  doubt  of  their  having  held 
it  in  great  quantity,  united  with  their  ref- 
pedtive  feparated  parts,  and  reftrained  du- 
ring that  union  from  adling  like  liberated 

Are; 
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fire  ^ obferving  alfo  that  as  faft  as  the  fire 
is  liberated  or  excluded,  the  diflant  grolTer 
parts  of  elaftic  fluids  rufh  together  or  into 
other  bodies;  as  when  empyreal  and  ni- 
trous air  make  nitrous  acid,  or  empyreal 
and  light  inflammable  air  make  water  which 
cools  to  folid  ice,  or  marine  and  alkaline 
air  make  fal  ammoniac  ; or  as  when  acid  or 
alkaline  airs  rufli  into  water,  or  empyreal 
air  into  phofphorus ; we  cannot  now  he- 
litate  in  admitting  that  the  grofler  parts 
of  elaftic  fluids,  as  well  as  thofe  of  vapour, 
are  made  to  recede  from  each  other  contrary 
to  their  inherent  and  inceflant  attradivc 
powers,  by  virtue  of  their  refpedlive  char-r 
ges  of  the  repellent  matter  of  Are,  andcon-r 
fequently  by  the  repulflon  of  the  parts  of 
Are  to  each  other., 

- 4.  ^he  charges  of  repellent  mattery  by  which 
attratUve  and  gravitating  particles  form  elaf 
tic  fiuidsy  are  dijiinSi  atmofpheres  of fery  mat~> 
ievy  in  which  the  denjities  are  reciprocally  as 
the  difances  from  the  central  particles y in  a 
' duplicate  or  higher  rath. 


Tln\ 
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This  is  an  evident  conrequence  of  the 
former  notions,  and  the  prevalence  of  the 
repulfive  over  the  attractive  forces  j and  the 
terreftrial  atmofphere,  in  which  the  denfity 
is  inverfely  as  the  fquares  of  the  diftances 
from  the  earth,  fliews  that  it  is  the  natural 
and  necelTafy  effeCt  of  fuch  forces,  to  form 
the  charges  of  fiery  matter  which  the  par- 
ticles engage,  into  the  dcfcribed  atmof- 
pheres.  The  further  evidence  bf  the  truth 
of  this  notion  arifes  from  phenomena, 
which  I am  prefently  to  confider  and  ex- 
plain, and  which  are  not  inexplicable  by 
any  other  condition  or  agency  of  the  matter 
of  fire,  that  has  been  hitherto  fuggefted. 

I 

5.  T'he  repuljion  of  the  homogene al  parts 
of  the  mattter  of  fre,  limits  the  quantity 
that  can  be  engaged  by  bodies^  and  tends 
to  diffife  the  remainder  equably  in  fpace^ 

This  notion  needs  no  illufiration# 

6.  T^he  7natter  of  firC  limits  the  quan‘’‘ 
titiesy  in  'which  aeriform  fiiidsy  and  bo- 

X dies 
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dies  containing  it,  can  combine  chemi- 
cally. 

In  tlie  converfion  of  folid  bodies  into 
clartic  fluids,  we  perceive  the  repulfive 
forces  of  the  matter  of  lire  relifting  and 
overpowering  the  reciprocal  attractions  of 
the  grofter  parts ; and  in  mixtures  of  empy- 
real and  inflammable  air,  and  in  divers  other 
mixed  airs,  we  fee  this  matter  reflfting  the 
attractions  which  tend  ftrongly  to  the  che-^ 
mical  combination  of  the  heterogeneal  gra- 
vitating particles. 

in  fuch  inftances  it  is  manifeft  that  the 
fum  of  the  repulfive  forces,  exceeds  that  of 
the  attractive, 

* 

When  aeriform  fluids  condenfe  each  other, 
or  ^e  concentrated  and  aggregated  by  bo- 
dies, it  is  equally  evident  that  the  attractive 
forces,  although  reflfted  by  the  repulfive,  are 
prevalent, 

t 

Thefe,  and  divers  other  phenomena  ftiew, 
that  the  natural  power,  whether  attractive 


or 


[ 309  ] 

or  repulfive,  of  each  part  of  matteri  is  li- 
mited ; and  therefore  the  fum  of  the  pow- 
ers which  any  body  can  exert  in  regard  to 
another,  is  by  a law  of  nature  as  the  num- 
ber of  it&  adtive  parts,  or  in  other  words, 
as  its  quantity  of  matter. 

^ In  confequence  of  this  law^  the  fum' of 
the  repulfive  forces,  which  refifi:  the  ap- 
proximation of  the  gravitating  parts  of  an 
elaflic  fluid,  and  their  union  with  thofe 
of  a body  which  alfo  holds  fome  of  the 
matter  of  fire,  is  as  the  quantity  of  that  < 
fluid ; and  no  more  than  a determinate 
portion  of  it  can  be  aggregated  and  com- 
bined in  the  body  whofe  quantity  of  mat- 
ter and  attradlive  powers  are  limited. 

V ■ 

By  the  famelaw  it  is  determined  that  elaflic 
fluids  {hall  unite  with  each  other  in  limi- 
ted proportions  only,  to  form  denfer  fluids 
or  folid  bodies,  and  that  the  fuperfluous 
quantities  {hall  remain  elaitic  and  unal- 
tered. 


As 


! 
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As  tht  matter  of  fire  is  maflifeilly  the 
agent  which  refifts  the  coalefcence  and 
union  of  attractive  particles  in  thefe  cafes  ;- 
and  a^  the  fame  matter  demonflrably  exifts 
in  alhbodies^tihat  unite  only  in  limited  pro- 
portions, we  mail:  afcribe  to.  this  only  com- 
petent and  manifeft  agent,  all  thofe  limi- 
tatioas_  which  we  experience,  in  regard  ter 
the.  propoctionsjn  which  bodies  can  be  che- 
micaHy.,  united,  and  which  we.  briefly.  ex<» 
^refs  by.  the  word-  fat'uratkn^ 


) 
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SECTION  XXII 


Applications  of  the  foregoing  notions  in  the 
explanation  of  divers  phenomena. 


S the  limits  of  this  Effay  do  not  permit 


^ me  to  make  extenhve  applications  of 
the  foregoing  notions,  I fjiall  endeavourj 
in  the  expreffion  of  a few,  in  this  and  the 
following  fedion,  to  fugged:  every  thing 
that  feems  neceffary  towards  explaining  the 
tnoft  intricate  phenomena  of  the  ijiatter 
of  fire. 

In  regard  to  the  apyrous  bodies,  fucH 
the  pure  earthy  fubftances,  I would  infer 
from  thefe  potions  that  they  chiefly  corifift 
of  parts  which  do  not  attrad  the  matter  of 
fire  with  forces  fufficient  to  caufe  a difunioft 
of  them,  and  an  interpofltion  of  this  mat- 
ter in  fuch  quantity  as  to  induce  foftrtcfs 
or  fluidity, 

Concerning  fuflble  bodies  which  concrete 
in  cooling,  I would  in  the  nejtt  place  infer. 


xa 
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that  they  confift  chiefly  of  parts  which  a£- 
tra(fl  the  matter  of  fire  with  forces  fomcr 
what  greater  than  thofe  lafi:  mentioned, 
and  fufficient  to  effedt  the  folution  of  them 
in  the  fiery  fluid,  but  not  for  the  perma- 
nent retention  of  it  : That  bodies  of  this 
clafs  exclude  the  folvent  by  virtue  of  the 
prevalent  attradtions  which  tend  to  reunite 
their  grofs  parts  ; but  that  they  receive  and 
tranfmit  the  matter  which  caufes  heat,  more 
freely,  and  they  retain  it  longer,  than  the 
former  can  in  fimilar  circumfiances,  by 
reafpn  of  the  flronger  attractions. 

The  bodies  which,  like  oils  or  water, 
form  elaftic  vapour,  when  duly  charged 
' with  the  n^atter  pf  fire,  confift  chiefly  of 
parts  which  attradt  it  with  forces  ftill 
greater,- and  fufficient  tp  compel  atmof-: 
pheres  around  the  diftant  molecules ; but 
yet  not  fufficient  to  retain  thefe  atmof- 
pheres  after  the  influx  of  fire  ceafes,  and 
in  oppofition  to  the  mutual  attradtions  of 
their  central  molecules,  and  the  tendency 
pf  the  fiery  matter  to  diffufe  itfelf  equa- 
bly in  the  neighbouring  fpaces.  As  the 

ther- 
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thermometer  thews  no  more  than  the  re- 
lative quantities  of  the  free  matter  of  fire 
in  bodies,  thefe  lately  mentioned  require 
a greater  quantity  of  the  fiery  matter  than 
the  former,  before  they  exhibit  an  equal 
temperature  by  the  thermometer,  for  the 
reafon  already  mentioned. 

It  is  alfo  by  virtue  of  this  fuperior  at- 
tradtion  to  the  fiery  matter,  that  ice,  refin, 
fats,  and  other  vapourable  bodies,  become 
fluid  by  moderate  incalefcence,  but  not  be- 
fore they  have  received  a great  quantity  of 
fire  ; and  that  they  refpedively  evaporate 
with  lefs  ignition  or  incalefcence,  in  vefiels 
which  avert  the  preflure  of  the  aerial  at- 
mofphere,  than  where  tliat,  or  any  equiva- 
lent compreflion,  confpires  with  their  ag- 
gregate attradlions,  to  refift  the  influx  of 
fire  and  the  disjundion  of  their  parts.-:— 
Thus  water,  or  fpirit,  moderately  heated, 
and  placed  in  the  receiver  of  an  air-pump, 
boils  when  a part  of  the  air  which  com- 
prefles  it  is  drawn  out,  and  ceafes  as  often 
as  the  preflTure  is  reilored. 

X 4 
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Still  ftronger  attradions  of  the  rnattcr 
of  fire,  comparatively  with  the  forces 
which  tend  to  the  exclufion  of  it,  are  feen 
in  ethereal  oils  and  Ethers  : For  their  va- 
pours’cannot  be  tpondenfed  without  the  aid 
of  comprcffion  ; and  when  they  are  thus 
condenfed  and  aggregated,  their  molecules, 
by  attrading  fiery  mat^ier  and  compelling 
it  into  atmofpheres,  with  forces  fuperior 
to  thofe  with  which  they  attrad  each 
other,  are  made  to  recede,  and  form  aeri- 
form fluids,  in  the  loweft  temperatures,  fo 
foon.as  the  preflTure  of  the  almofphere  is 
averted. 

That  the  expanfion  of  fuch  ethereal 
fluids  into  the  aerial  form,  in  the  exhaufled 
receiver  of  an  air-pump,  is  owing  to  the 
tendency  of  their  molecules  to  attrad  the 
matter  of  fire  and  to  form  atmofpheres  of 
it  around  them  feverally,  and  that  it  is  not' 
effeded  by  any  other  agency,  is  apparent 
from  the  concomitant  phenomenon  of  cold: 
For  as  faft  as  they  aflume  the  aerial  form, 
they,  engage  and  fix  the  free  fiery  matter 
which  belonged  to  the  fpac'es  into  which 

they 
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they  expand;  and  this  privation  or  defici- 
ency of  direngage4  fiery  matter,  is  what 
we  call  cold. 

* 

The  bodies  which  by  ignition  may  be 
partially  or  totally  converted,  even  undpr 
the  atmofpheric  prefiure,  into  fluids  perma- 
nently elailic,  fliew  the  kinds  of  matter 
by  which  that  of  fire  is  attracted  in  the  fu- 
preme  degree. 

For  the  elafticity  which  fubfifls  under 
immenfe  prefiure,  argues  a fi:ronger  attrac- 
tion of  the  particles  to  their  refpedlive  re- 
pellent atmofpheres,  than  that  which  we 
Jafi:  noticed  ; but  that  this  llronger  attrac- 
tion compels  denfer  and  deeper  atmof- 
pheres, may  not  only  be  argued  a priori,  but 
is  experimentally  demonftrable  by  the  bulk, 
which  in  elaflic  fluids  is  the  meafure  of  the 
atmofpheres,  compared  with  the  gravity, 
which  is  the  meafure  of  the  grofs  particles ; 
and  it  is  alfo  apparent  in  the  extraordinary 
quantity  of  the  fiery  matter  that  efcapes  in 
the  inftant  of  the  aggregation  of  thefe 
cl^ic  fluids^  or  rather  of  their  particles, 

to 
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to  fofm  conflftent  bodies  j As  when  empy- 
real air  is  rapidly  imbibed  by  phofphoruS, 
Pyfophorus,  Hepar  fulphiiris,  or  iron  fi- 
lings and  fulphur  j when 'alkaline  air,  and 
V divers  acid  airs,  are  abforbed  by  water,  or 
Vvhen  they  condenfe  each  other  ; or  w'hen 
the  rare  inflanioiable  air  and  empyreal  air 
make  water,  arid  exclude  their  matter  of 
iire. 

Prom  all  this  it  may  be  inferred,  that  in 
^ny  future  table  of  the  affinities  of  the 
matter  of  fire,  -pure  phlogijlon  ought  to  rank 
above  every  other  kind  of  matter;  inftead 
of  being  omitted,  as  it  is  in  Bergman's 
tables,  or  fuppofed  to  have  repugnance  or 
apathy  to  the  matter  of  fire,  as  Dr.  Craw- 
ford formerly  conjedlured.  But  when  this 
precedence  is  given' to  phlogiflon,  by  rea- 
fon  of  the  extreme  levity  of  the  purer  in- 
fiammable  air  of  metallic  folutions,  and  of 
the  quantity  of  fiery  matter  which  it  emits 
in  the  inftant  of  its  union  wdth  empyreal 
air,  the  gravitating  matter  of  this  lad:  air 
mufi;  not  be  placed  beneath  any  other  that 
Is  now  known ; becaufe  no  air  that  is  free 

from 
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from  phlogifton,  is  lighter  fpecifically  tha^ 
empyreal  air;  or  emits  more  fire  in  the  in« 
ftant  of  aggregation. 

I 

I confider  the  fpecific  gravity  as  a fafs 
guide  in  our  inveftigations  of  thefe  affini- 
ties and  of  their  order,  in  regard  only  to 
the  elaftic  fluids  which  feem  to  confifl;  of  no 
more  than  one  kind  of  gravitating  matter 
engaged  in  the  repellent  atmofpercs  : And 
of  fixable  air,  denfe  inflammable  air,  acid 
airs,  the  phlogifljc  alkaline  air,  and  others, 
I would  obferve,  that  the  atmofperes  in- 
clude molecules  infhead  of  folitary  ultimate 
parts ; for  without  this  chemical  union 
of  heterogeneal  parts,  aqd  the  formation 
of  molecules,  an  claflic  fluid  pf  the  kind 
that  I now  fpeak  of,  could  not  differ,  as  it 
does,  from  either  kind  of  matter  of  which 
it  is  compofed, 

From  this  confideratlon  of  the  attradive. 
forces  which  tend  to  form  molecules,  and 
of  the  atmofpheres  which,  in  compound 
elaflic  fluids,  encompafs  the  molecules,  bu^ 
not  the  ultimate  parts  feverally,  we  derivQ 
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an  cafy  explanation  of  the  phenomenon  fo 
often  noticed  in  the  preceding  pages ; I 
mean  the  converfion  of  a fubftance,  not 
• into  one,  but  into  two  or  three  different 
daftic  fluids,  by  mere  ignition. 

When  elaftic  fluids  are  formed  in  folu- 
tions  and  other  procefTes,  in  which  .the 
fubjeds  are  not  ignited,  it  is  to  be  obferved 
that  the  gravitating  parts  of  the  emitted 
elaflic  fluid,  were  diftant  from  each  other, 
by  reafon  of  the  interpofed  matter,  at  the 
inftant  of  their  extrication,  and  that  at  this 
diftance  there  is  a great  dimunition  of  the 
powers  which  reflrain  them' in  their  ten- 
dency to  engage  all  the  matter  of  fire  that 
the  menftruum  or  folvent  could  extricate 
during  their  union.'  Thus  it  happens,  as 
Pr.  Black  originally  fuggefied,  and  as  Berg- 
man has  obferved  in  his  excellent  Difler- 
tation  on  Eledive  Attractions,  that  cauflic 
alkali,  in  the  union  with  an  acid,  ex- 
cites great  heat,  that  is  to,  fay,  in  their 
union  they  exclude  a part  of  the  matter  of 
fire  which  they  feverally  held  in  a fixed 
ffate  ; but  mild  alkali,  in  uniting  with  an 
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acid,  gives  little  or  no  heat,  and  for  this 
reafon ; that  the  gravitating  parts  of  the 
fixable  air,  engage  all  the  liberated  matter 
of  fire  in  forming  atmofpheres  around  its 
molecules.  This  expofition  is  applicable 
to  every  other  elaftic  fluid  that  is  extricated 
in  folutions  or  combinations  attended’ with 
little  or  no  incalefcence. 

Since  the  particles  which  attradl  the  mat- 
ter of  fire,  exclude  a part  of  their  refpec- 
tivc  charges  in  the  inftant  of  their  clofe 
approximation  or  contad:,  there  is  no  dif- 
ficulty in  accounting  for  the  cold  produced 
in  folutions,  expanfions,  and  evaporations ; 
■ in  every  one  of  which,  the  particles  which 
fefume  the  matter  of  fire,  and  in  fixing  it 
produce  the  cold,  are  previoufly  removed 
to  fome  diftance  from  each  other,  either 
by  the  interpofition  of  the  parts  of  a men- 
ftruum,  as  when  ice  is  diffolved  by  nitrous 
acid,  or  by  the  prevalent  powers  of  their 
proper  fixed  fire,  of  which  we  have  an  in- 
ftance  in  Ether  placed  in  the  exhaufted  re- 
ceiver of  an  air-pump. 
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As  the  mere  acetous  acid  confifts  of  thi 
gravitating  parts  of  empyreal  air,  of  phlo- 
gifton,  and  the  acid  principle  of  vegetableSi 
and  by  the  acceffion  of  the  matter  of  fire 
only,  makes  two  different  elaftic  fluids* 
namely  fixable  air,  and  denfe  inflammable 
airj  it  follows  from  thefe  notions,  that  the 
gravitating  parts  of  thefe  two  airs  would 
make  acetous  acid  again, 'with  water,  if 

/ 

the  matter  of  fire  could  be  withdrawn  from 
them  ; and  I venture  to  prognofticate  that 
this,  or  fomething  equivalent,  will  be  done 
by  the  firfl  ingenious  experimenter  that  at- 
tempts it,  either  by  the  means  of  a body 
which  may  abforb  the  gravitating,  matter 
of  both,  and  exclude  their  atmofpheres, 
or  by  breaking  the  atmofpheres  in  the 
manner  which  I am  to  deferibe  in  the  next 
fedion. 

There  is  undoubtedly  a natural  limita* 
tion,  as  we  formerly  obferved,  of  the  forces 
with  which  the  grofs  parts  of  divers  elaftie 
fluids  compel,  and  are  compelled  by  their 
refpedive  atmofpheres ; but  flill  thefe 
forces  are  fo  great,  that  we  cannot  form 
adequate  ideas  df  them,  without  refled- 
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ing  on  the  refinance  which  they  give,  even 
in  Imall  quantities  of  the  elaftic  fluids,  to 
any  preflure  which  tends  to  condenfe  them, 
and  caufe  an  approximation  of  their  parts  ^ 
or  without  adverting  to  the  operation^ 
which  Ihew  the  ability  of  thefe  forces  to 
maintain  the  elaflicity  of  divers  aeriform 
fluids,  in  oppofition  to  the  greatefl;  mecha* 
nical  powers  hitherto  employed  to  fubdue 
them.  The  air-gun,  and  other  inflruirients 
exhibit  thefe  forces  in  atmofpheric  air, 
and  chemical  operations  and  explofive  CDm-» 
pofitions  too  often  Ihew  them  in  the  other 
elaftic  fluids. 

Although  the  force  of  chemical  attract 
tion  reaches  not  far  from  the  particles, 
with  any  fenfible  effedl,  we  are  not  thenpe 
to  conclude  that  the  attradive  virtue  ceafes 
at  any  diflance.  But  from  all  the  known 
phenomena  we  may  infer,  that  the  attradive 
forces,  tending  to  the  approximation  and 
cohefion  of  grofs  particles,  decreafe  in  a 
duplicate,  or  tome  higher  ratio  of  the  dilf 
tances,  reciprocally  ; that  the  natural  re-? 
flflance  to  the  interpofiti'=‘n  of  the  fiery  mat- 

4 ter 


ter;  is  leHened  at  the  rinalleft,  and  totally 
overpowered  at  fmall  diftances  which  no 

A 

eye  can  meafure ; and  finally,  that  where 
the  fenfible  affeB  of  attraclion  ceafes,  there 
, ifepulfon  fucceeds. 
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SECTION  XXtIL 

Interpretations  of  the  moji  importayit  pheno^^ 
menu  of  comhuJHon,  ae cording  to  the  fore^ 
going  notions. 

I 

the  atmofpheres  by  which  the  grofs 
parts  of  an  elaflic  fluid  are  made  to 
recede  from  each  other,  contrary  to  their 
reciprocal  attradions,  extend' into  the  mi- 
nute fpaces  between  them,  with  decreafing 
denfity ; and  as  the  powers,  which  form 
thefe  appropriated  charges,  compell  the  fe- 
veral  grofs  parts  to  the  centers  of  their  ref- 
pedtive  atmofpheres,  and  regulate  the  po-. 
fltion  of  thefe  partsirelatively  to  each  other, 
as  well  as  their  diftances  j the  aerial  'form 
is  maintained,  not  by  the  mere  interpofltion. 
of  the  matter  of  fire,  but  by  the  intervene' 
tion  of  it  in  the  defcribed  ftate  of  denfity^ 
near  the  grofs  particles  and  extreme  rarity 
at  the  coincidence  or  contiguity  of  the  atr^ 
mofpheres. 


y 
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The  nature  of  the  fubjecft  admits  no  in- 
ference repugnant  to  this  j for  in  a medium 
of  uniform  denfity,  the  grofs  particles 
would  be  impelled  of  drawn  by  equal  and 
contrary  powers  of  the  medium,  and  meet- 
ing no  refinance  in  it,  to  the  attractive 
powers  which  tend  to  unite  them,  they 
w'ould  form  an  aggregate  excluding  every 
part  of  the  medium,  except  thofe  that  might 
be  abfolutely  coherent  with  the  grofs  par- 
ticles and  chemically  combined.  > 

Therefore,  fo  defiroy  the  elafticity,  and 
to  effect  the  aggregation  and  union  of  the 
grofs  parts  of  an  aeriform  fluid,  or  of  any 
mixture  of  "different  airs,  nothing  more  is 
neceffary  than  to  break  or  blend  the  atmof-* 
pheres  into  a medium  of  equal  denfity  in 
the  fpaces  between  the  particles  and  al- 
though this  cannot  be  done  by  mechanical 
compreflion,  it  is  eafily  effected  by  reple- 
nifhing  the  minute  fpaces,  in  which  theat- 
mofpheres  extend,  with  a denfer  fiery  fluid, 

. As  the. fmal left  fpark  affords  that  denfer 
fluid,  in  quantity  fufficient  to  replenifli 

many 
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irri'any  of  thefe  minute  fpaces,  the  fiery  flat- 
ter there  expelled,  in  the  infiant  of  the 
union  of  the  grofs  jDarts,  cxtehds  the  ne- 
ceflary  ignition  through  the  neighbouring 
atmofpheres>  and  thus  a mixture  of  empy- 
real and  rare  inflammable  air;  by  the  mo- 
mentary agency  of  a fliht-fpark;  is  rapidly 
expended  in  the  formation  of 'water  and 
the  emiffion  of  a denfe  fiery  fluid. 

As  the  adventitious  fire  requifite  for  ex- 
citing the  combuflion,  mull:  have  denfity 
exceeding  that  of  the  atmofpheres  in  their 
interior  denfeft  parts,  it  is  fcarcely  to  be 
'doubted  that  the  greateft  denfity  in  the  at- 
■mofpheres  is  almofl:  equal  to  that  of  the 
fiery  fluid  ifTuing  from  a red-hot  mafs  of 
iron  or  of  earth ; for  any  incombuftible  bo- 
dy lefs  heated,  will  not  excite  combuftion 
in  the  mixture  of  inflammable  and  empy- 
real air.  .In  this  view  of  the  fubjedt,  the 
quantity  of  fiery  matter  engaged  in  the  at- 
mofpheres, appears  adequate  to  the  expe- 
rienced elafticity  of  thefe  aeriform  fluids, 
and  to  all  the  heat  and  flame  of  their  com- 
buftion. 

Y 2 
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As  the  diftanees  of  the  grofs  parts  of  a 
mixture  of  empyreal  and  inflammable  air, 
and  the  depth  and  denfity  of  their  atmof- 
pheres,  are  enereafed  by  heating  the  mix- 
ture gradually,  in  veffels  which  do  not  ef- 
fecflually  prevent  the  expanfion  of  it,  the 
ignition  of  the  veflels  to  rednefs,  or  to  any 
degree  hitherto  experienced*  is  found  infuf- 
flcient  for  the  inflammation  of  the  mix- 
ture $ for  the  obvious  reafon  of  the  denfer 
or  deeper  atmofpheres  : and  on  the  confi-^ 
deration  of  all  thefe  particulars,  I ihould 
expedt  to  find  a greater  degree  of  ignition, 
or  a larger  fpark,  whether  of  the  cledlric 
fluid,  or  from  a burning  body,  neceflary  to- 
wards the  accenfion  of  inflammable  with 
empyreal  air,  when  by  averting  the  prefiTure 
of  the  aerial  atmofphere,  we  fufler  the  mixed 
airs  to  expand  eonfiderably,  than  the  fame 
mixture  would  require  in  the  ordinary  ftate 
■of  denfity. 

To  avoid  thetedipus  enumeration  and  dif- 
euflion  of  phenomena  of  this  kind,  I would 
offer  this  general  rule  concerning  them  i 
.The  ignition  neceflary  towards  the  ac- 
r cenfion 
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ccnfion  of  inflammable  air  or  vapour,  in 
empyreal  air,  is  dire<5tly  as  the  denfity  of 
the  repellent  atmofpheres,  and  inverfely  as 
the  attractions  of  the  gravitating  parts  to 
each  other,  for  the  reafons  abovementioned. 

In  the  mixture  of  inflammable  with  em- 
pyreal air,  which  do  not  in  the  ledfl:  affeCt 
each  other,  but  remain  unaltered  for  any 
length  of  time,  we  fee  nothing  like  aggre- 
gation to  refifl:  the  union  of  their  grofs  at- 
tractive parts;  and  we  perceive  that  the 
powers  which  impede  their  union,  are  to- 
tally different  from  thofe  by  which  the  grofs 
parts  are  aggregated  into  folid  bodies.  We 
muft  therefore  refufe  our  affent  to  the  Che- 
mifts  who  fay  that  the  ufe  of  iginition  in 
exciting  combuflion,  is  to  weaken  the  ag- 
gregation of  the  combuftible  fubftance. 

That  aggregation  retards  the  progrefs  of 
combuflion,  is  not  to  be  difputed  ; but  to 
iTiew  why  a conflflent  fubflance,  fuch  as, 
refin  or  charcoal,  may  perflft  in  contaCl 
with  empyreal  air,  without  combuflion ; 
and  why  dne  ignition  caufes*  the  inflam- 
Y 2 matidqa 


[ 3^8  ] 

mation  of  it,  I would  fay  firfl,  in  confor- 
mity with  all  the  foregoing  notions,  that 
phlogiftic  bodies,  whether  fluid  like  oil,  or 
folid  like  charcoal  or  refin,  contain  the.mat- 
ter  of  fire  in  a fixed  fl:ate,  and  in  great 
quantity;  fecondly,  that  although  it  is 
thus  fixed  by  prevalent  attradive  forces,  it 
flill  repels  the  like  matter  of  fire  appertain- 
ing to  the  empyreal  air ; becaufe  this  na- 
tural power  exifts,  as  well  when  it  is  coun- 
teraded  and  fubdued,  as  when  it  ads  unre-: 
drained  ; thirdly,  that  the  grofs  parts  of 
empyreal  air  are  prevented  from  uniting 
with  thofe  of  charcoal,  oil  or  refin,  by  their 
refpedive  charges  or  portions  of  the  matter 
of  fire ; and  laftly,  that  the  efted  of  ig- 
nition is,  ip  regard  to  the  commencement 
of  the  coinbuflion,  to  break  and  blend  the 
charges  of  fiery  matter  which  impede  the 
union  of  the  grofs  particles,  as  well  as  to 
weaken  the  aggregation  of  the  confident 
fubdances.  All  this  is  applicable,  in  refped 
to  the  ignition  of  nitre  with  combudible 
bodies,  and  the  ignition  of  fulminating 
powder,  fulminating  gold,  and  other  ful- 
minating compofitions,  which  require  to 
* be 
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be  heated  to  a certain  degree,  before  they 
enter  into  combuftion. 

When  we  inflame  a combuftible  elailic 
fluid  or  vapovir,,  contained  in  a veflel,  and 
meeting  the  open  air  in  a narrow  aperture, 
the  progrefs  or  velocity  of  the  combuftion 
is  as  the  area  of  the  aperture ; becaufe  the 
empyreal  part  of  the  atmofpheric  air  is  ap- 
plied in  fmall  portions,  fucceeding  each 
other,  but  interrupted  in  the  fucceflion  by 
the  fixable  air  or  water  newly  formed. 
For  the  fame  reafon  the  combuftipn  of  any 
aggregate  is,  in  velocity,  as  the  furface  pre- 
fented  to  air  is,  in  extent ; and  as  the  re- 
tardation of  combuftion  is  not  as  the  hard** 
nefs  of  the  combuftible  body,  the  aggre- 
gation is  only  a fecondary  impediment. 

After  adopting  thefe  notions  of  the  agen- 
cy of  ignition,  and  of  the  caufes  by  which 
combuftion  is  retarded,  we  ihall  find  nodif- 
difficulty  in  anfwering  the  following 
queftions : 

Y4 
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■ Why  do  light  inflammable  air  arid  em- 
pyreal air,  mixed  in  due  proportionSjr  defla- 
grate totally,  and  to  our  fenfe  infliantane- 
pufly,  on  the  application  of  a fpark'  or  of  a 
body  ignited  to  rednefs  i but  not  without 
this  ignition  ? And  why  are  the  emiflidn 
of  fire  and  the  formation  of  water  fimulta- 
neous  ? 

Why  does  a mixture  of  heavy  inflam- 
mable air  and  empyreal  air,  require  the  like 
ignition  for  its  afcerifion,  and  then  defla- 
grate totally  and  mfiantly,  and  yield  fixable 
air  as  well  as  water  and  fire  ? ^ 

Why  does  any  exceffive  quantity  of  em- 
pyreal or  of  inflammable  air,  beyond  the 
determinate  proportions  in  which  their 
grofs  parts  can  combine,  remain  elaftic  and 
unaltered,  or  not  altered  in  any  confide- 
rable  part  of  it,  after  the  combufiion  ? 

Why  do  the  nitrous  alkaline  and  fulphu- 
reous  particles  of  fulminating  powder,  re- 
main quiefcent  in  the  contadl  of  them, 
until  fomc  part  of  the  powder  is  duly  ig- 
nited i 
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nited ; and  why  does  the  coinbuftion  exci-*- 
ted  by  fuch  ignition, proceed  flowly  through 
mixture  ? Why  do  the  fame  materials, 
when  they  are  more  perfectly  mixed  by 
fufion,  deflagrate  with  inftantaneous  and 
dreadful  exploflon,  in  the  inftant  of  the 
contact:  of  a fpark  with  the  melted  mafs  ? 
And  why  does  this  mafs,  when  cooled  and 
concreted,  deflagrate  by  the  contad:  of  a 
fpark,  rapidly  indeed,  but  not  fo  inftanta- 
neoufly  as  the  melted  mixture. 

Why  does  fulminating  gold,  which  con- 
tains empyreal  air,  and  the  phlogiftic  mat- 
ter which  the  volatile  alkali  introduces, 
require  ignition  for  its  afcenflon  ; and  why 
is  the  deflagration  of  it  inftantaneous  ? 

Why,  in  all  mixtures  of  folids,  contain- 
ing phlogifton  and  empyreal  airj  or  in 
gunpowder,  which  contains  empyreal  air 
and  phlogifton  along  with  the  acid  principle 
of  fixable  air  ; the  due  ignition  of  any 
part  is  fucceeded  by  the  deflagration  of  the 
whole  ? And  why  is  the  combuftion  the 
ipore  rapid,  as  the  mixtion  and  proximity 


[ ] 

ef’the  foregoing  adive  ingredients,  are 
made  to  approach  nearer  to  perfedion,  by- 
mechanical  comminution  and  diftribution 
of  the  fi^bjeds  containing  them. 

In  replying  to  thefe  queftions,  we  necef- 
farily  furniih  anfwers  to  thoufands  that 
might  be  propofed,  concerning  combuftions 
excited  by  ignition,  and  regulated  by  vyicks 
or  other  means,  or  accelerated  by  art§  that 
fpeed  the  influx  of  enipyreal  air. 

In  the  ignitions  that  are  neeeflary  for  the 
accenfion  of  different  bodies,  we  obferve 
many  gradations,  from  that  which  iron  de- 
mands, down  to  the  weakefl,  which  is  fuf- 
flcient  for  exciting  combuflion  in  phof- 
phorus  of  Kunkel,  and  which,  in  fair  trials 
of  dry  and  Oomminuted  phofphorus,  fcarcely 
exceeds  6o  degrees  of  Farenheit.  But  in 
thefe  gradations,  we  difcover  nothing  but 
what  is  referable  either  to  the  eledive  at- 
tradions  of  empyreal  air  and  phlogiflon  to 
other  grofs  bodies  and  to  each  other ; or 
to  the  aggregation  of  the  combuftible  fub- 
ftances ; or  finally  to  the  incapacity  of  fire 

to 
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to  blend  the  atmofpheres  and  charges  a^rr 
feady  defcribed,  unlefs  it  equals  or  e3(ceed§ 
them  in  their  greateft  denfity.  ,,, 

% % 
With  regard  to  the  combuftions  which 
commence  in  the  coldefl  air,  and  without 
the  aid  of  adventitious  fire,  we  need  now 
fay  nothing  more  than  that  the  pyrophori 
are  compounds,  which  by  reafon  of  their 
extreme,  fponginefs,  prefent  furfaces  of  the 
greateft  extent,  to  the  empyreal  air  of  the 
atmofphere,  and  at  thefe  furfaces  expofe 
to  it,  in  the  fame  inftant,  the  two  kinds  of 
matter,  namely  phlogifton  and  our  acid 
principle,  that  attract  it  with  the  griiatefi: 
forces  ; and  that  the  fum  of  thefe  forces 
exerted  in  fuch  favourable  circumfiances,. 
is  fufficient  to  overpower  the  refinance  of 
the  atmofpheres,  and  to  expel  them  along 
\vith  the  proper  fiery  matter  of  the  py- 
tophori. 

In  accounting  for  the  fpontaneous  accen- 
fion  of  certain  mixtures,  fuch  as  that  of 
black  wad  and  linfeed  oil,  we  are  to  advert 
firfl:  to  the  elective  attradions  of  the  em- 
pyreal 
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pyfeal  alf,  which  one  of  the  ingredients  al-* 
ways  fupplies  j next,  to  the  phlogiftic  and 
acid  matter  prefented  by  the  other  ingre- 
dient ; and  laftly  to  the  prevalence  of  the 
attra^ive  forces  which  tend  to  the  for- 
nlatiori  of  water  and  fixable  air  and  to  the 
lexclufion  of  the  matter  of  fire,  - - 

i 

" Irf  thefe  curforyi  interpretations,  I have 
pOfpdfely  avoided  theeled;rical  phenomena ; 
not  beCaufe  they  Ihew  any  thing  repugnanC 
to  thefc  notions ; nor  becaufe  they  afford 
no  fimilitudes  of  the  repellent  atmofpheres, 
©r  of  the  defcribed  condition  of  the  mat- 
ter of  fire  on  the  furfaces  of  bodies,  or  of 
the  agency  of  air  j nor  in  confideration  of 
any  ftrong  doubt  arifing  in  my  mind,  con- 
cerning the  identity  of  the  'matter  of  fire 
and  the  pure  ele(fl:rical  fluid  ; but  for  this 
reafon,  that  the  eledlrical  phenomena  are 
intricate  in  themfelves,  and  unfit  for  the 
explanation  of  others.  The  fame  mo- 
tives have  diffuaded  me  froni  the  intro- 
duxftion  of  the  phenomena  of  heat  and 
combuftion,  producible  by  fridion  and 
percuffion. 

S E C- 
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SECTION  XXIV, 

Of  Light.  . ■' 

/ 

IN  attempting  a concife  and  general  ex- 
pofition  of  the  phenomena  which  de- 
pend on  the  agency  of  the  matter  of  firey 
I have  found  it  expedient  to  advert  firft  to  • 
thofe' which  fall  within  the  chemical  der* 
partment  of  Natural  Philofophy,  and  to 
referve  the  confideration  of  Light  for  this 
place. 

Nothing  is  more  evident  than  that  the 
fire  emitted,  during  the  deflagration  of  bo- 
dies, is  a caufe  of  illumination,  and  thftt 
wherever  illumination  fubfifls,  there  is 
matter  in  motion.  But  philofophers  do  not 
agree  in  their  opinions  of  the  kind  of 
motion  and  of  the  nature  of  the  matter 
itfelf. 

To  exhibit,  in  a few  words,  the  fallacy 
of  fome  recent  dodrines  concerning  the 

mat- 
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flatter  of  fire  andi  light,  and  at  the  fame 
time  to  remove  the  chief  objedlions  which 
have  prevailed  with  many,  as  they  formerly 
did  in  rhy  mind,  againft  the  Netvtoniati 
Theory  of  Light,  the  following  obfervationg 
feem  to  be  fufficienti 

' In  the  fiery  fluid  which  is  expelled  in  tKe 
manner  already  defcribed,  during  the  fo- 
lution  or  combination  of  divers  bodies;  or 
which  is  emitted  from  heated  bodies,  in 
confequence  of  its  tendency  to  equable 
diffufion,  and  of  the  prevalent  forces  with 
which  the  grofs  parts  of  fuch  bodies  tend 
to  refume  their  former  aggregation;  we  And' 
every  degree  of  denfity  or  heat,  from  that 
which  cofrefponds  with  540  degrees,  at 
which  lead  may  be  melted,  down  to  that 
of  60  in  Fatenheit’s  fcale.  All  this  occurs 
in  procefleS  arid  fUbjedts  different  froth 
thofe  of  combuftion  ;'  and  therefore  a great 
variety,  as  well  as  a great  number  of  in- 
flances  can  be  produced;  to  fliew  that  thb 
fiery  fluid  may  flow  from  bodies,  with  the 
fmalleir  or  the  greater  of  thefe  denfities; 
without  exciting  any  fenfible  illumination; 
or  givin^r  li^^ht. 

D 00 
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. !From  another  train  of  obfervatiorts 
learn,  that  light  may  be  produced  by  the 
emitted  fire,  in  every  ftate  of  denfity,  from 
that  which  we  call  temperate,  to  that  of 
the  mofi:  brilliant  combufiions.  For  light 
is  produced,  not  only  by  the  vivid  defla- 
gration of  zinc,  iron,  or  coke,  or  during- 
the  languid  combuflion  of  fulphur  ; but  isf 
alfo  fenfibly  propelled  during  the  flow  ab- 
forption  of  empyreal  air  by  cold  phofpho- 
rus,  and  the  indifputable  emiflion  of  fuc- 
cefilve  portions  of  the  matter  of  fire. 

The  legitimate  inference  from  thefe  phe^ 
nomena  is,  not  that  the  matter  of  light  difi- 
fers  from  that  of  fire,  but  that  Fire  fubfifls 
by  the  proximity,  and  Light  by  the  rapid 
projedile  motion  of  parts  of  the  fame  kind 
of  matter:  For  the  latter  inference  agrees 
with  all  the  phenomena,  whilfi:  ,the  former 
is  repugnant  to  our  experience  of  the  eftcdts 
of  light  concentrated  by  refledion  or  re- 
fradion. 

In  Fire^  there  is  always  a motion  of  the 
parts,  by  reafon  of  their  tendency  to  re- 
cede 
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fcede  from  each  other,  and  of  their  attfat- 
tions  to  bodies  j but  it  may  fubfift  by  th^ 
denfity  without  the  motion } whilft  light 
fubfifts  by  the  projedtile  motion,  in  every 
deniity  or  difFufion  of  the  luminous  fluid. 

When  we  corifider  that  the  e'laflicity  of 
aeriform  fluids^  is  owing  to  the  matter  of 
Are } that  a cannon-ball  is  propelled  only 
by  the  excefs  of  the  repellent  powers  of 
parts  of  this  matter,  above  the  forces  with 
which  they  are  attraded  by  the  grofs  parts 
of  gunpowder,  or  of  the  airs  emitted  during 
the  deflagration  of  it ; that  the  velocity  of 
the  ball  is  incomparably  lefs  than  it  would 
be  if  it  were  fliot  through  an  unrefifting 
medium ; and  that  even  this  latter  velocity 
would  be  an  inadequate  reprefentation  of 
that,  with  which  the  parts  of  the  fiery 
matter  are  (hot  forth,  in  the  firfl:  inflant  of 
their  liberation  from  the  combuflible  body 
which  held  them  clofely  approximated ; 
We  find  the  natural  powers  already  deferi- 
bed,  fufiicient  in  themfelves,  for  the  pro- 
jedion  of  thefe  parts,  with  all  the  velocity 
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experienced  in  the  light  of  flaming  bodies 
on  earth,  and  to  e.very  diftanee  at  which  it 
has  been  perceived^ 

In  regard  to  the  light  of  the  fun,  we 
need  imagine  nothing  more  than  the  fame 
matter  propelled  by  the  flime  powers^  in 
greater  quantity,  and  with  greater  vigour, 
by  reafon  perhaps  of  a purer  and  denfer 
atmofphere,  and  of  a greater  proportion  of 
the  fiery  matter  relatively  to  the  reft  of 
his  fubftance ; for  in  fuch  circnmftan- 
ces  we  produce  the  moft  rapid  and  lumi^ 
nous  combuftions  of  folid  bodies. 

In  combuftions  efledled  by  the  inciim^ 
bent  air,  this  acts  on  the  combuftible  bo- 
dies in  fucceffive  portions,  and  the  matter 
of  light  is  neceflarily  projedted  in  like  man- 
ner, and  the  parts  which  fucceed  each  other 
in  the  fame  lines,  anfwer  to  Newton’s  de- 
finition of  a ray  of  light. 

In  the  rays  of  light  then,  w^e  find  mat- 
ter and  motion  enough  to  produce  all  the 

'Z,  eflhcts 
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efteds  hitherto  notice^d,  on  chemical  fub- 
ftances,  on  water,  on  vegetables,  and  on 
lolar  phofphori. 

Having  thus  traced  the  matter  of  fire  in 
various  ftates,  to  that  condition  in  which  it 
coincides  with  Newton’s  charader  of  light, 
it  is  unnecedary  to  infift  on  the  conformity 
of  the  foregoing  notions  with  the  optical 
phenomena,  further  than  by  remarking  that 
the  ethereal  medium  which  affeds  the  fur- 
faces  of  bodies,  and  to  which  he  afcribes 
divers  effeds,  does  not  appear  to  confift  of 
any  other  than  the  matter  of  f re,  which 
by  the  fame  powers  that  form  atmofphercs 
around  the  folitary  grofs  parts,  muftneceffa- 
rily  form  a denfe  elaftic  medium  on  the  for- 
ces of  their  aggregates. 

\ • 

As  I have  frequently  didinguifhed  the 
parts  of  other  matter  from  thofe  of  fire,  by 
the  term  gravitating  parts y it  is  neceffary 
now  to  fay,  that  this  mode  of  expreffion, 
is  not  intended  to  convey  an  opinion  that 
the  matter  which  attrads  fo  many  bodies, 

does 
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docs  not  gravitate  to  the  affemblage  of  them 
in  our  earth,  but  relates  to  the  fenfible  gra- 
vitation of  any  quantity  that  we  can  fub- 
mit  to  mechanical  trials. 
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S E C T 1.6  N ' XXV. 


Of  fermentatiany  putrefaSiiony  and  refpi- 

ration. 

i 

'Y'HE  phenomena  of  fermentation,  pu- 
trefadlion,  and  refpiration,  agree  fo 
flridly  with  thefe  notions,  and  are  fo  eafily 
explained  by  them,  that  it  is  altogether 
unnecefl'ary,  in  the  following  fketch,  to  no- 
tice any  other  than  the  objecfts  of  the  greated; 
importance. 

Mr.  Cavendidi  has  fliewn,  that  from  one 
hundred  parts  of  fugar  duly  fermented, 
fifty- feven  are  expelled  in  the  form  of  fixable 
air.  Therefore,  unlefs  we  fuppofe  that  the 
water  ufed  in  the  procefs  is  decompofed, 
which  is  by  no  means  probable,  the  con- 
verfion  of  fugar  into  fpirit  is  effedted  by 
the  abflradtion  of  38  parts,  or  thereabouts, 
of  empyreal  air  and  19  of  acid  matter; 
and  the  fpirit  confifls  of  about  43  of  phlo- 
I giflic 
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gifllc  and  acid  matter,  combined  with  fomc 
of  the  water  employed  in  the  procefs : For 
we  need  not,  at  prefent,  regard  the  fmall 
iquantity  of  precipitated  earthy  matter. 
Tjie  fpirit  then,  conlifts  of  the  vegetable 
acid  principle  more  fully^  faturaled  with 
phl^pgiifon  than  it  is  in  fugar,  .and  alTociated 
' wi.th  water and,  th.e  fupe.rfluous  acid  mat- 
ter together  with. the  empyreal  air,  en^^- 
ging  a part  of.  the  matter  of  fire  that  is  li- 
berated in  confequence  of  thefe  new  unions 
by  the  mediation  of  water,  efcape  byreafon 
of/the  repellent  atmofpheres. 

•.’’This  perfectly  correfponds^  with  the  ni^- 
tnre  of  the  products  of  fugar  by  ignition  ; 
for  the  fixable  air  which  it  yields  abun- 
dantly, Ihews  that  empyreal  air  enters  into 
its  cpmpofition ; the  inflammable  air, 
oil, -and  combuftible  coal,  which  it  affords, 
fliew  all  the  acid  matter  and  phlogifton  that 
we  find  in  the  fpirit;  and  in  the  earthy 
part  of  the  charred  cpal  of  fugar,  we  ac- 
count for  that  which  fubfides  in  the  fer- 
mented liquor,  or  may  be  abftrafled  in  dif- 
tillation. 

Z3 
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The  fubfidence  of  earthy  matter  from  a 
limpid  folution  of  fugar,  during  the  fer- 
mentation and  new  combinations,  is  eafily 
accounted  for  in  this  confideration ; that 
the  empyreal  air,  which  is  the  caufe  of  the 
menftrual  power  of  acids,  is  carried  off 
along  with  that  part  of  the  acid  principle 
that  is  not  engaged  with  phlogifton  to  form 
fpirit  ^ and  that  the  refiduary  fpirit,  or  any 
, faccharine  acid  that  may  remain,  cannot 
hold  the  earth  in  folution. 

Thefe  general  inferences  are  true,  altho’ 
the  fixable  air  might  have  been  over-rated, 
by  its  being  meafured  along  with-  the  wa- 
tery vapour  which  it  always  carries  with  it, 
in  thefe  circumllances. 

This  reprefentation  alfo  correfponds 
with  every  thing  that  is  worth  notice  in 
the  preparation  and  properties  of  the 
acid  of  fugar ; for  it  is  prepared  in  ni- 
trous.acid  by  the  abfl:ra<5lion  of  fome  of 
its  phlogidon,  and  by  fupplying  empy- 
real air  to  the  refiduary  matter  j and  the  acid 
of  fugar  thus  conflituted,  cannot  be  made 

to 


[ 345  ] 

to  ferment  and  yield  ardent  fpirlt,  or  any 
fuch  quantity  of  oil  or  inflammable  air,  as 
may  be  had  from  the  fugar. 

The  changes  producible  by  fermentation, 
in  farinaceous  fubftances,  admit  of  the  fame 
concife  explanation  in  regard  to  the  acid  and 
empyreal  air  extricated,  the  retention  of  all 
the  phlogifton  with  the  refiduary  acid  mat- 
ter in  the  form  of  fpirit,  and  the  feculent 
fubfidence  conlifting  of  earthy,  faline,  and 
infoluble  fatty  matter,  or  of  farina  which 
has  eluded  the  decompofition. 

t 

I A fpiritiious  liquor,  confiding  of  wa- 
i'  ter  and  acid  matter  faturated  with  phlo- 
gifton,  contains  every  principle  of  acetous 
acid,  except  the  empyreal  air.  But  this  is 
drongly  attracted  by  the  acid  and  phlogidic 
matter  of  the  fpirit  j and  therefore  by  due 
expofure  to  atmofpheric  air  or  pure  empy- 
real air,  or  even  to  that  which  is  held  in  ni- 
trous acid,  the  fpirituous  liquor  becomes  vi- 
negar, cither  in  the  acetous  fermentation,  or 
in  chemical  proceffes,  fuch  as  the  ingenious 
and  indefatigable  Scheele  has  deferibed. 

Z 4 And 
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And  now  the  reafon  is  obvious,  why  vine^ 
gar  may  bb  made  of  wine,  but  no  wine. of 
vinegar,  by  ordinary  fermentation  ; and  the 
anfwer  is  eafy,  in  regard  to  every  queftion 
that  has  ever  been  agitated  on  the  fubjedt 
of  fermentation,  unlefs  we  except  that 
concerning  the  agency  of  yeafl  and  leaven. 

1 

Yeaft  is  not  always  neceffary  to  the  vi- 
nous fermentation  ; .but  wh.en  it  is  ufed  to 
infure  it,  under  unfavourable  circurnftances 
of  cold  air,  imperfedl  folution  of  farina- 
ceous matter,  orvicidityof  the  fermentable 
liquor,  it  feems  to  ferve  only,  like  the  par- 
tial ignition  formerly  defcribed,  to  give  in 
fome  part  of  the  mafs,  a certain  prepon- 
derance of  the  forces  which  tend  to  the 
new  combinations,  over  thofc  of  the  che- 
mical attradlions,  gravitation,  aggregation, 
and  inertia,  which  confpire  to  maintain 
the  fermentable  liquor  unaltered.-; ■ The 
matter  which  gives  this  preponderance, 
might  eafily  be  afeertained’ by  an  accurate 
analylis  of  yeaft.  It  feems  to  be  acetous 
acid,  already  formed,  and  engaged  in  mag- 
nedan  earth  and  oil,  beyond  the  quantity 

neceftary 
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necefiafy  far 'the  faturation  of  the  former: 
for  this  correfponds  with  an  imperfect  ana- 
lyfis  of  yeaft,  -that  I made  many  years  agoj 
and  with  the  coihmoa  practice  of.  accele- 
rating the  fermentation  of  ales^  by  fdured 
ale;  and  with”  the  ufe  of  four  bread  or 
leaven  in  ejtciting  a fpeedy  fernpentation 
in  dough;  and  with  the  effedt.uaf  . four 
ftalks  or  . hufks  of  grapes,  or  ' 'fo'ured 
cafks,  in  ex'citing' the‘acelnixus  fermentation 
fpeedily,  in  a vinous  liquor ; and  with  the 
uncommon  efficacy  which' I have  experien- 
ced of  'bread'  foaked  in  concentri^ted 
vinegar,'  dn  expediti-hg'Uhe  converfibn  of 
wine  to  vinegar  ; the  change  induced  in  the 
vicinity  of  a^fmall  piece  of  it,  being  found, 
in  due  exposure  to  the  Com^mon  air,  to  ex- 
tend quickly  through  the  whole  of 'the' vi- 
nous liquor^.  . ‘.a  v l.  . :: 

The  phenomenafaf  putrefadive  fermen- 
tations vary,  with  the  kinds  of  matter- in  the 
fubjeds,  with  the  proportions  of  tliefe,  the 
quantity  of  water,  and  the  circumftances 
which  contribute  to  the  retention  or  diffipa- 
tionof  the  liberated  matter  of  fire:  amongft 
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thefe  circumftances  we  muft  rank  the 
partial  or  free  concurrence  of  the  atmof- 
pheric  air.  But  neither  the  incalekence, 
nor  the  fixable  air,  or  the  denfe  inflam- 
mable air  emitted,  nor  the  dilfolution  of 
the  organifed  bodies,  nor  the  wafte  of  their 
volatile  parts,  nor  the  combuftions  and  con- 
fumptions  which  happen  in  fome  inftances, 
fhew  any  thing  that  is  not  eafily  deduciblc 
from  the  foregoing  notions. 

Finally,  with  the  procefles,  in  which  fix- 
able  air  is  not  only  extricated  but  formed, 
and  in  which  the  matter  of  fire  is  at  the 
fame  time  liberated,  I mufl  rank  that  of 
refpiration ; in  which  the  thin  reticular 
bronchial  membrane,  rather  promotes  the 
agency  of  the  air  on  the  circulating  blood, 
than  prevents  it  by  interceding  them. 

As  all  the  faccharine,  farinaceous,  her- 
baceous, and  oily  vegetable  fubftances, 
that  are  ufed  as  food,  and  all  the  efculent 
animal  fubftances  alfo,  abound  with  the 
fame  acid  and  phlogiftic  principles  that 
are  contained  in  our  ethereal  oil  and  in- 
flammable 
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flammable  air  of  acetous  acid  and  ardent 
fpirits  ; as  thefe  principles  form  a conli- 
derable  part  of  the  blood,  and  are  well 
known  to  attrad:  empyreal  air,  even  when 
they  are  diffufed  in  water  and  combined 
with  other  matter,  as  it  happens  in  the  vi- 
nous and  acetous  fermentations,  in  putre- 
fadions,  and  in  other  procefles  analagous 
to  thefe  ; the  aptitude  of  the  blood  to  ad 
on  empyreal  air,  might  be  argued  a priori, 
tho’  not  fo  fairly  proved  as  it  has  been  by 
the  experiments  flrfl;  made  by  Dr.  Prieftley, 
and  afterwards  profecuted  by  the  Abbepon- 
tana  and  Mr,  Lavoifier, 

An  experiment  which  I made  in  May 
1785,  in  my  public  courfe  of  Chemifl;- 
ry,  and  which  I afterwards  repeated, 
with  the  precaution  of  expiring  all  the  air 
that  I could  from  my  lungs,  and  of  breathing 
for  a while  fuch  air  as  I intended  to  try, 
feems  to  have  cleared  away  all  the  doubts 
that  attended  this  fubjed.  It  confifted  in 
breathing  two  gallon  meafures  of  empyreal 
air  from  nitre,  in  a glafs  velTel,  poifed  and 
moveable  in  lime-water,  fo  that  the  air 

within 
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within  was  always  equally  comprefled  by 
the  atmofphere,  under  every  diminution  of 
bulk  by  infpiration,  and  the  refpiration  was 
made  without  labour. 

The  lime  water,  in,  which  the  velfel 
floated,  was  further  impregnated  with  per- 
fect lime,  and  this  liquor  was  conflantly 
daflied  and  fprinkled  through  the  refpired 
air,  by  the  hand  of  an  afliflant,  to  accelerate 
the  abforption  of  the  fixable  air  from  the 
refiduary  elafiic  fluid ; and  thus  I was 
enabled  to  continue  the  refpiration  much 
longer,  wirhout  interruption,  or  preparing 
my  lungs  anew,  than  I could  otherwife 
have  done.  Notwithflanding  all  this,  I 
could  not  continue  tfie  refpiration  to  the 
'total  confumption  of  the  empyreal  air,  but 
was  obliged  to  defifl:  at  intervals,  and  to 
'return  repeatedly  to  the  refpiration,  with 
my  lungs  prepared  as  formerly,  after  the 
whole  of  the  fixable  air  had  been  abforbed 
by  the  lime  liquor  from  the  remaining  em- 
pyreal air. 

The  decreafe  in  the  bulk  of  the  refpired 
air,  not  at  all  correfponding  with  the  real 


con 
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oonfumption  of  empyreal  air,  and  the  quan-  , 
tity  of  phlogiificated  air  greatly  exceeding 
that  which  might  have  eluded  my  previous 
trials  of  the  empyreal  air,  both  contributed 
to  the w tha,t  fome,  phlogiflic  air  was  pro- 
duced or,  detached  during  the  procefs  : And 
now  that  Mr.  Cavendifli’s  experiments 
prove  that  the  phlogiftic  air  could  not  have 
been  formed  of  the  empyreal  air,  I do  not 
hefitate  in  concluding,  that  the  former  was 
expelled  from  the  lungs  during  the  refpi- 
ration,  along  with  the  matter  which  con- 
tributed to  the  formation  of  the  fixable  air. 
It  therefore  is  not  to  be  regarded  in  the 
prefen t confideration  of  the  expenditure  of 
the  empyreal  air. 

As  the  purfuit  of  this  laft  was  my  chief 
purpofe,  and  I have  not  room  now  for  a 
circumftantial  detail  of  particulais,  I fliall 
confine  myfelf  to  the  following  report 
After  the  lafl  refpiration,  which  was  main- 
tained with  great  difficulty  and  anxiety,  the 
empyreal  air  difappeared  totally,  the  refidue 
being  mere  phlogiflic  air,  and  the  fixable 
air  was  not  equal  in  weight  to  the  expen- 
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ded  empyreal  air ; therefore  one-third  of 
the  empyreal  air  mull  have  been  otherwifc 
engaged. 

But  from  the  mofl  general  analogy,  and 
from  the  quantity  of  watery  vapour  that 
idues  from  the  lungs  at  every  expiration, 
whether  we  breathe  empyreal  air  or  atmof- 
pheric  air,  we  may  conclude  that  whilft. 
about  two-thirds  of  the  empyreal  air  were 
employed  in  forming  fixable  air  with  the 
acid  principle  of  the  oleaginous  part  of  the 
blood,  the  remainder  of  the  empyreal  air 
was  expended  in  the  formation  of  water, 
or  perhaps,  by  fome  fmall  part  of  it,  in 
entering  the  blood  : and  fince  a great  quan- 
tity of  the  matter  of  fire  is  detached,  in 
every  procefs,  whether  of  the  mixture  of 
elafiic  fluids,  or  putrefadlion,  or  fermenta- 
tion, or  of  the  folutions  of  vegetable  or 
animal  fubftances  in  nitrous  acid,  or  of 
combuflion  ; whenever  empyreal  air  is  ex- 
pended in  the  formation  of  fixable  air  or 
water,  and  efpecially  when  both  are  com- 
pofed  at  the  fame  time ; I fee  no  reafon  to 
doubt  of  the  truth  of  Dr.  Crawford’s  opi- 
nion. 
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nion,  that  animal  heat  is  generated  in  the 
lungs,  and  diftributed  from  thence  to  the 
reft  of  the  body  by  the  circulating  blood  : 
And  thus  the  phenomena  of  refpiration 
agree  perfedtly  with  the  foregoing  notions 
of  matter. 
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